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INTRODUCTION 


The B 1700 series of computers are small=to=medium=scale systems which 


utilize the latest data processing concepts» 


such as defined fields» 


delayed bindings and interpretive structure. The technique of micro- 


programming is used to accomplish most data manipulation. 


This concept 


brings to Burroughs Corporation users a new level of computer respon= 
siveness for business and scientific problems» as well as in data 
communications. This responsiveness is available to even the smallest 
organization that has a requirement for electronic data processing. 
Speed and flexibility are the key words which describe this system. 
To support this» Burroughs Corporation offers: 


ae 


Bit addressability. Main memory is addressable to the 


individual bit. It has no preferred word or byte 


boundaries which are visible to the rest of the system. 


Memory modularity is provideds from a minimum of 16K 
bytes to 40K bytes of main memory on the B 1712 and 
64K bytes on the B 1714. The B 1726 systems contain 
two types of memory* main memory and control memory. 
Control memory is up to four times faster than main 
memory in either 2K bytes standard or 4K bytes 


optionally. Main memory size is provided from 24K bytes 
minimum to 98K bytes maximum. 


Higherslevel programming languages available are: COBOL> 
FORTRAN» BASICs RPG» and a Master Control Program (MCP). 


Flexibility of the system lies in its ability to be micro- 


programed. Microsinstructions operate on a set of hardware 


registers available to the micro=programmer. Sets of micros 


instructions called interpreters are supplied by Burroughs 
Corporation. 
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SECTION 1 


SYSTEM DESCRIPTION 


GENER ALs 

This section contains an overall description of the 8 1700 series of 
data processing systems without explaining the specifics of the hard 
ware. The systems are designed for modularity utilizing monolithic 
circuitry. The basic 8 1710 System consists of a processing unit» main 
memorys perinheral I/0 controllers» console control panel» power sup* 
plies» and cabinets. The basic B 1720 System consists of a processing 
units port interchanges main memory» control memory» peripheral I/0 
controllers» maintenance consoles power supplies» and cabinetse 


QYSTEMCONEIGURATION: 

The equipment is modular and can utilize any peripheral units within 
the scope of the I/0 controllers described in this manual. System 
configurations and comparisons are given in figures 171 and 1*2» and 
in tables 1"1 and 1-2. 


PROCESSING 
UNIT 
CTL 


MCU 


MAIN 
MEMORY 


Figure 1cl. B 1712/8 1714 Systems 
Configuration 
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Characteristic 


Processors 
Clock rate 
Main memory 
Minimum size 
Maximum size 
Control Memory 
Size 


Port interchange 
Maximum number 
of ports 


PROCESSING 
UNIT 


CONTROL CTL 


MEMORY 


CTL 


MAIN 
MEMORY 


Figure 172. 8B 1726 System Configuration 
Table 1i-l 


System Comparison 


Bo At kee eT Le 


1 1 

2 MH2/4 MF2 6 MHZ 

Yes Yes 

169384 bytes 249576 bytes 

402960/65%9536 bytes 98304 bytes 

No Yes 

Not applicable 2048 bytes standard 
an additional 2048 
bytes optional 

fo Yes 


Not applicable 2 


Table 1#1 (cont) 


System Comparison 


Characteristic 


1/0 controllers 
Minimum number 
Maximum number 


1-3 


Table 1-2 


System Configuration Chart 


Unit 


Capabilities 


1351 Single Line Control X x 
Std. ASynch.e x X 
Std. Synch. X X 
9111 Card Reader 80 col. 800 CPM X 
9112 Card Reader 80 cole 1400 CPM x 
$115 Card Reader 80 col. 300 CPM 4 X 
9116 Card Reader BO cole 690 CPM x x 
GSiise"i pCard Reader 96 col. 300 CPM x x 
913171 | Reader Sorter 1000 DPM 13 pocket x 
9134-1 {| Reader Sorter 1625 DPM 4/3/12/16/pocke x 
9135-2 | Reader Sorter 900 DPA ® pocket x X 
9135°3 | Reader Sorter 900 DPM 12 pocket x X 
9136°5 | Reader Sorter 600 OPM 8 pocket X x 
913676 | Reader Sorter 500 DPM 12 pocket X X 
9210 Card Punch 80 cole 100 CPM x x 
9240-1 | Line Printer 475 LPM 132 prt. pos. X X 
924072 f Line Printer 700 LPM 132 prt. pos. x Xx 
9240°3 | Line Printer 1040 LPM 132 porte pos. X 
9245-16} Line Printer 300 LPM 132 prt. pos. x 
9245°19i Line Printer ‘#400 LPM 132 prte pose x 
9247-3 | Line Printer 750 LPM 132 orts. poss x x 
9249-1 |Line Printer 90 LPM 132 prt. pos. 4 
9249-2 TLine Printer 180 LPM 32-0 tec BOSS x 
9319-2 |} Card Reader 96 col. x x 
Punch 300/60 CPM 
9319-4 |} High Speed 96 cole 4 X 
Reader Punch 500/120 CPM 
9340 Console Printer 16: Ces x 4 
9371"7 |} HeP-T DF Memory 20ms avg access 7MB storace Capt X 
times 231KRB avg 
trsf rate. 
9371714) HPT DF Memory Banki40ms avg access 14MB storage ca Xx 


TOO-SSTLSOT NOd 
Aq 7L/8/6 PASTAU 


I 


Unit 
Number > 


931.9=2 
93 19-4 


9340 
9371-7 


9371-14 
9374-10 
9374-14 


9381-12 
9381-13 
9381-14 
9381-22 
9381-23 
9381-24 
93 90-3. 


Description 


Card Reader 

Punch 

High Speed 

Reader Punch 
Console Printer 
H-P-T DF Memory Bank 


H-P-T DF Memory Bank 


| Add-on increment 


(for 9371-14) 


Add-on increment 
(for 9371-7) 
Magnetic iTape 
Unit 

Magnetic iTape 
Unit 

Magnetic ‘Tape 
Unit 

Magnetic \Tape 
Unit 


Magnetic |Tape 
Unit 
Magnetic: \Tape 
Unit 

Magnetic iTape 
Unit 


Table .1-2. (cdnt) 


System Configuration Chart 


Capabilities 


300/60 CPM 
96 co] e 
500/120 CPM 
10 CPS 


20ms avg access time; 
231KB avg trsf rate. 


40ms avg access time; 
238KB avg trsf rate. 


40ms avg access time; 
238KB avg irsf rate. 


20ms avg access time; 
231KB avg trsf rate. 


9 ch. -800 BPI 
9 ch. 800 BPI 
9 ch. 800 BPI 
9 ch. 800 BPI 
9 ch. 800 BPI 
9 ch. 800 BPI 


Jechannel tape 


Remarks 


7MB storage cap. 
14MB storage cap. 
14MB storage cap. 


7MB storage cap. 


18KB = 2st. 7 


cluster 


18KB - 3 st. - 


cluster 


18KB = k st. is 


cluster 


36KB = 2 st. - 


Cluster 


36KB - 3 Sta: 


cluster 


36KB - h st. 7 


cluster 
18/50 KC 


B 1712 |B 1714 | B 1726 


Xx xX Xx 
x Xx 

x Xx Xx 
Xx 

xX 

X 

X 

Xx x 

xX Xx 

x x 

x x 

x x 

x x 

x 


9-1 


Table .1-2 (cdnt) 


System Configuration Chart 


Unit 
Number Description Capabilities Remarks B 1714 |B 1726 
941.9=2.| Card Reader Punch/ 96 col. | x x x 
Data Recorder 300/60 CPM 
94 19-6.| Multi-purpose 96 col. 6 stackers x x x 
Card Unit 300/300/60 CPM 
9450-1.) Disk Storage Ze megabyte Singie H 
9480-2.) Disk Storage 4.6 megabyte Dual 
9481-1.1 Disk Storage 4.6 megabyte Single 
9481-2.) Disk Storage 9.2 megabyte Dual 
94.91-2.| Magnetic iTape 10KB Drive 
Unit 9 channel 


9486-2 | Disk Storage 


95.5 megabyte 


Dual 


SYSTEM CONCEPT, 

This series of computers can be described as systems that execute their 
programs under control of "micro" instruction’ss. It is impractical for 
the programmers to write micro=programs; therefore, various higher 
level languages have been developed for customer use on the system. It 
is not the intent of this section to describe these higher-level lan- 
guages but to describe the relationship that exists between the micno= 
program and the higher-level language’s. 


S (secondary) language instructiions are intermediate instructions which 
are equivalent to the machine language of a conventional system. - For 
each .Seinstruction there exists a string of micno-instructions which 
interpretively execute the fuhctions specified by that .S-instruct ion. 


It must be remembered that the .S-language instruction does not directly 
cause the hardware to perform a function. 


Because .'S-instructtiions are software defined by the sequehce of microe- 
instructions, they may be as complex as the language designer require’. 
In most cases, :S-instructions contain data addresses or base relative 
addresses, -length of data fields, units of data, and an operation to be 
performed upon the data. 


S-instructions may completely specify a compiler-level language. 
Burroughs Corporation has defined the .S#instructions and has written 
the necessary interpreters and compiler programs for several compiler 
languages: COBOL, FORTRAN, -RPG (Report Program Generator), and 

BASIC. These compiler programs generate the necessary .‘S-language in= 
structions to perform the various operations specified by the higher 
level language. . 


INTERPRETERS. 


In addition to the .S-language program (compiled user program), another 
program which is referred to as an interpreter is utilized. An intere 
preter has been developed for each of the high-level .S-languages: 
COBOL, FORTRAN, -RPG, and BASIC. It is the function of the interpreter 
to fetch the .S-language instruction(s) from main memor-y, -and interpret 
or execute the. The .S-iInstructions are decoded and a series of micro- 
instructions are executed to cause the hardware to perform the function 
specified by the .S-language instruction. On completion of the execu- 
tion of a series of micrno-instructions (representing an .S=instruction), 
the Interpreter fetches the next .Selanguage instruction and the opera- 
tion cantinues fn this manner. The series of micno-instructions to 
perform each .S-language instruction may be stored in cantrol memory, 
main memory, or be called from disk. 


The .S#language programs and required interpreters are located and 
loaded from disk under control of the Master Control Program (MCP). On 
completion of the load, the MCP then passes control to the .S-language 
program. The MCP is written in either SDL or micnoecdde. The SDL 
version (MCP II) requires the SDL interpreter or a portion of it to 
always be present in the systefM. For COBOL programs a COBOL inter- 
preter is cdlled and jis in memory with the SDL interpreter, when re- 
quired, The memory resident portion of MCP I is micro-cdded; there- 
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fore, only the interpreter required for the user program need be 
present, 


INTERRUPT SYSTEM CONCEPT. 

The interrupt system is described as a "soft" interrupt system. That 
is, ‘any Interrupt that occurs does not cause any specific hardware 
function and is only recdgnized by the software. On recognition of 

the interrupt by the software, there are no specif.ic rules for handling 
the interrupt and it is left solely to the discretion of the program- 
mer. The handling of these interrupts will be discussed in the MCP 
Reference Manual (not yet available’. 


DEFINED FIELD CONCEPT. 

An integral part of the microeprogramming technique is the def ined 
field’ cohcept (bit addressability). This assumes that storage is de- 
scribed in units of bitsS. It is a generalized scheme for handling 
field lengths ranging from one bit to a large number of bits through 
the use of a bit address and bit length, regardless of how fields may 
cross hardware "byte" boundaries. Special hardware has been implemen- 
ted to achieve bit addressability and variable length data fields 
within main memory. The hardware contains logic to adjust the address 
and length values in the addressing registers. Microeinstructions in 
turn are capable of setting the processor control circuits to operate 
on different units of data and iterating the micnoeinstructiion sequence 
until the field in main memory is exhausted, Data units may vary from 
one bit to 15 bit’. Field length may vary from one to 65,535 bits. 


Example: Assume a Write command to main memory from bit address 2014 
(hexadecimal) with a field length of 12 bits. the data to be written 
is three decimal (44-bit) digits with a value of 345, A Write forward 
results in the "3" beginning at bit address 2014 (see figure .1-3/). 


DECIMAL 3 4 5 
DIGIT 0011 0100 0101 i 


ADDRESS 2014 201F 2020 
Figure .1-3. Write Forward 


However, -a Write reverse results in a "3" beginning at address 2008 
(see figure .1-4/). 


DECIMAL 3 4 5 
DIGIT 0011 0100 0101 0000 
ADDRESS 2008 2013 2014 


Figure .1-4. Write Reverse 
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Also note that a Write forward from bit address 2014 is equivalent 
to a Write reverse from bit address 2020, 


DELAYED BINDING, . 

The noncommitment of resources until the actual need for these re- 
sources arises may be referred to as delayed binding, The proper 
utilization of resources enables the user to get the maximum system 
throughput per dollar investment, . 


Main memory is completely managed by the B 1700 Master Control Pro- 
gram, User code that is called into memory by the MCP may or may not 
be in one contiguous area, This allows for utilization of even small 
areas of memory, 


Data space is within the area specified by the base and limit regis- 
ters and is divided into two portions: overlayable and nonoverlayable, 
Program code is not in the area specified by the base and limit reg- 
isters, 


Compiler-generated code is completely independent of absolute memory 
locations and consequently is not restricted to particular areas of 
memory, Re-entrant code may exist; that is, one COBOL Compiler may be 
resident in memory for two or three compiles that are being accom-~ 
plished, with each compile having a unique data area assigned to it, 


Virtually infinite memory, proper control of input/output resources 
bit addressability, and a flexible system architecture are other fea- 
tures which provide for proper utilization of resources on the B 1700 
family of computers, 


FUNCTIONS OF MAJOR UNITS, 


PROCESSING UNIT, 

The processing unit provides the control and combinatorial portion of 
the system along with various addressing and data manipulation 
registers, 


I/O INTERFACE, 

The I/O interface is connected to the processor and handles all commun- 
ications between it and the I/O controllers on the B 1700 Systems, The 
T/O interface is capable of handling up to eight 1/O controllers, 


PORT INTERCHANGE, 
The port interchange, if applicable, is the access path to main memory, 


MEMORY CONTROL UNIT, 

Main memory is connected to the memory control unit, which handles all 
memory access requests, The memory control unit resolves the ad- 
dressing conflict between the bit-oriented data accesses and the byte- 
oriented parity checking, On the B 1710 Systems, the memory control 
unit is connected directly to the processor; on the B L726" the memory 
control unit is connected to the port interchange which is connected 
to the processing unit, 
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CONTROL MEMORY, 

Control memory, if present, is used to store the sequences of micro- 
instructions which perform macro-operations (COBOL and FORTRAN), Con- 
trol memory is four times faster than main memory and is available in 
two sizes: 1024 or 2048 16-bit words, If sufficient control memory 
is not available, portions of main memory are utilized for storage of 
micro-instructions, 


I/O CONTROLLER(S), 

Each r/o controller controls the operation of the peripheral(s) con- 
nected to it, Each controller is a special-purpose device to inter- 
face with one type of peripheral, In most cases an T/O controller 
interfaces with a single device; however, in some cases a single I/O 
controller interfaces with two or more devices on a timed-shared basis 
(magnetic tape unit, disk files), 


CENTRAL SYSTEM CABINET, 
Connectable cabinets are used to contain all central system modules: 
memory, power supplies, and circulation fans, 


CONSOLE CONTROL PANEL, 

The console control panel is an integral part of the processor, con- 
sisting of a display panel plus various register- and data- -manipulation 
switches, It is located on the front of the cabinet containing the 
processor, (See figure 1-5,) 


CONSOLE DISPLAY LIGHTS, 


REGISTER DISPLAY INDICATORS, These consist of a row of 24 lights which 
monitor the status of the 24-bit main bus of the processor, In the 
HALT state the register (or function) designated by the register select 
switches is displayed, 


POWER INDICATOR, This switch/indicator is used to turn power on or off 
and to light the appropriate ON/OFF indicator, 


RUN INDICATOR, This light indicates the processor is in the execute or 
fetch state, as opposed to the HALT or Read/Write main memory state, 


STATE INDICATOR, This light, which is software- controlled, indicates 
that either control (MCP) or normal state operations are presently 
being executed, It is lit when the system is in control state, 


BOT INDICATOR, This light indicates that the tape cassette is at the 
Beginning Of Tape position, The light is under hardware control, 


PARITY INDICATOR, This light indicates that an irrecoverable parity 
error has occurred while reading a tape cassette, The light is under 
hardware control, 


Slee 


Revised 9/8/72 by 
PCN 1057155-001 1-11 


Console Control Panel 


Figure 1-5 


CONSOLE CONTROLS, 


CLEAR SWITCH, This is a pushbutton switch that clears the registers 
in the processor, On the B 1712 and B 1714, the switch clears the 
MAR(A), M, C, and U registers, On the B 1726, the switch clears 

all interrupts in the port interchange, memory control unit, and 

T/O controllers, 


HALT SWITCH, This is a pushbutton switch which causes the processor 
to halt execution at the end of the present micro-instruction, The 
next micro-instruction to be executed is fetched and stored in the 
micro-instruction register (M register), Which register the register 
select switch is pointing to is displayed on the 24 register display 
lights, 


LOAD SWITCH, This is a pushbutton switch that causes the data dis- 
played on the register display lights to be entered in the register 
pointed to by the register select switches, 


DATA ENTRY SWITCHES, These consist of a row of 24 toggle switches 
which are operative only when the processor is in the HALT state, 
The desired bit configuration may be entered into the register se- 
lected by the register select switches by using the appropriate tog- 
gle switches, The data entered is displayed on the register display 
lights, (Refer to READ/WRITE switch, ) 


INT (INTERRUPT ) SWITCH, This is a toggle switch that causes a con- 
sole interrupt condition to be set in the processor control register 
(c register), This interrupt is testable by the MCP, and the MCP 
decides what the appropriate system reaction is to be, 


START SWITCH, This is a pushbutton switch that initializes various 
functions within the system, It is used in conjunction with the con- 
sole MODE switch, the CLEAR pushbutton, and the READ/WRITE pushbutton, 


INC-A SWITCH, This is a pushbutton switch which increments the control 
memory address register (A register) by one micro-instruction word ad- 

dress when displaying or writing control memory from the console, The 

register select switch must be set to MSM, and the console MODE switch 

must be set to TAPE, 


READ/WRITE SWITCH, This is a pushbutton switch that enables manual 
writing or reading of data into memory, The processor must be in the 
hait state and the desired data address must be loaded into the A 
register, To read data the register select switches must be set up 
for (pointing to READ ) a read operation, Depressing of the READ/WRITE 
Switch will cause the data at the address in the A register to be dis- 
played in the register display lights, For a write operation the de- 
sired destination address must be loaded in the A register, The Regis- 
ter Column and Register Row Select Switches must point to the WRIT 
position and the desired data to be written must be entered into the 
system via the 24 Data Entry Switches, Depression of the Read/Write 
Switch completes the Write operation 
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REGISTER COLUMN AND REGISTER ROW SELECT SWITCHES, The register COLUMN 
SELECT switch is a 4-position rotary switch which selects one of four 
columns of registers (or functions), . (Refer to table 1-3,) 


Table 1-3 


Register Select Switch 
Column-Row Matrix 


Column 1 


FU 
FT 
FLC 

FLD 

FLE 

FLF 

BICN 
FLCN 
TOPM(*1) 
Reserved 
Reserved 
Reserved 
XYCN 
XYST 
INCN(*1) 
CPU 


FwnsrF oO 


a 


Fos eon kK x 


wv 


Console READ 
Console WRIT 


The register ROW SELECT switch is an 18-position rotary switch which | 
selects one of 16 rows of registers (or functions), Two rows are re- 
peated for convenience; they are rows 4 and 13 (D in table 1-3, These 
two repeated rows are the most utilized, 


The various registers are addressed within the micro-instructions or 


from the front console by a series of co-ordinates, The first co-or- 
dinate is to select one of 16 rows of registers and the second co-or- 
dinate then selects one of four columns, The particular register (or 


function) selected by the intersection of the column and row is dis- 
played when the processor is in the HALT state, 


CONTROL MODE SWITCH, The control MODE switch is a rotary switch with 
the following positions: STEP, RUN, and TAPE, 


*] Not available on B 1710 Systems, 
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When the switch is in the STEP position, pressing the START switch 
causes the micro-instructions in the M register to be executed and 
the next micro-instruction to be fetched, 


When in the RUN position, pressing the START switch causes the con- 
tinuous fetch and execution of micro-instructions from the address 
specified in the micro-instruction address register, 


When in the TAPE position, pressing the START switch causes the tape 
cassette reader to start reading the mounted TAPE cassette, The pro- 
cessor then enters a fetch-execution phase wherein micro-instructions 
are accepted and executed directly from the tape cassette, The tape 
cassette may contain load routines, confidence checks, or maintenance 
test routines (MTR), Initial micro-instructions on the cassette tape 
can cause subsequent micro-instructions to be loaded into memory from 
any I/O device, 


CASSETTE REWIND, This is a pushbutton switch which causes the tape 
cassette to rewind to the BOT (beginning of tape ) mark, 


CASSETTE ON/OFF, This is a toggle switch which controls power to the 
tape cassette unit, 


CONSOLE PRINTER/KEYBOARD , 

To operate with the Burroughs Master Control Program, a console print- 
er/keyboard is required for communications between the Master Control 
Program and the system operator, 


MAIN MEMORY, 

Main memory is addressable to the individual bit and has variable 
operation lengths from O to 24 bits in parallel, The length, direc- 
tion, and address of operation is under micro-program control, either 
up or down within the address continuum, Main memory has no preferred 
word or byte boundaries which are visible to the rest of the system, 


Main memory is a logical part of the processor since most of its con- 
trol logic is part of that unit, The processor is the only unit to 
which main memory interfaces, The actual storage medium is, however, 
physically separate from the processor and is modular in design to 
allow for expandable capacity, 


ADDRESSING, 
Main memory is addressed by a 24-bit absolute address, a 1l-bit field 
direction indicator, and a 5-bit field length value, The address is 


modified by the field direction bit, The field length value specifies 
the number of data bits in the direction indicated to be accessed, and 
varies from zero (no operation) to 24, For field length values ereater 
than 24 bits, address values may be incremented and micro-instruction 
Sequences are re-executed until the entire field has been accessed, 


PARITY CHECKING, 


Reliability of data within main memory is maintained with a hardware 
parity checking technique, Main memory is physically byte oriented 
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with a parity bit for every eight data bits, The main memory con- 
trol logic resolves addressing, parity checking, data rotation, 
and compaction as described in the following paragraphs, 


The high-order 21 bits of an kdaedss point to a byte within main 
memory where the operation is to begin, This "key byte" and three 
more bytes above or below, depending on the field direction bit, 

are read into the read memory information register (R- MIR) in the 
memory control unit, Parity is always checked on all 36 bits with- 
in this register, 


Next, the low-order three bits of the address along with the field 
length value and the field direction bit (both contained in the 
micro-instruction) determine what is passed to or from main memory, 


A parity error on any operation sets a bit in the processor C regis- 
ter (CD bit 3 set to 1), and appropriate action is taken by the MCP, 


MEMORY DATA TRANSFER 

Data is transferred, right-adjusted, 24 bits (three bytes ) is paral- 
lel to and from main memory, Any operation calling for less than 
24 bits will have leading (left) zeros supplied by the memory con- 
trol unit, The field length controls the main memory operation and 
leading zeros are ignored or generated as needed within the memory 
control unit, 


READ OPERATION, 

A 24-bit address, a l-bit field direction sign, and a 5=-bit field 
length value are received with the Read request by the memory con- 
trol unit from the processor, The Read is non-destructive of the 
data in memory and parity is checked during the operation, The 
data is then stripped of parity, right-adjusted, and masked with 
leading zeros as it is moved into the processor, 


FIELD LENGTH, E 
The 5-bit field length value indicates the length of the data, right- 
adjusted, to be read from or written into memory, The normal field 


length value range is from zero to 24 bits, 


The value of zero leaves the data in main memory unchanged, A value 
of 25 or 26 implies a field length of 24 and forces correct parity 
or incorrect parity on data written during the Write or Swap opera- 
tion, Field lengths greater than 24 are reserved, 
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SECTION 2 


B 1710 PROCESSORS 


GENERAL, 

This section discusses the B 1710 processing unit(s), which consist 
of the control portion and the combinatorial portion of the system 

along with the various addressing and data manipulation registers, 


PROCESSING _ UNIT, 
The processor is the general-purpose data manipulator of the system, 
It performs the basic micro-functions necessary for a variety of 


commercial , scientific, and data communications applications, These 
micro-functions are performed by a set of elementary operators called 
micro-instructions, Micro-instructions operate on strings of bits 


within registers that were formerly the responsibility of the hard- 
ware logic, 


By stringing a series of micro-instructions together, a macro-opera- 
tion comparable to that defined by an assembler or compiler-level 
instruction may be implemented, This micro-instruction string is an 
interpreter for a macro "S-instruction" operation, Micro-instruction 
strings are executed ina "read-only" mode and are stored in main 
memory, 


PROCESSOR REGISTERS, 


MICRO-INSTRUCTION (M) REGISTER, 

The M register (micro-instruction register) is a 16-bit register used 
to hold and decode the current micro-instruction which has been ob- 
tained from main memory or the TAPE cassette, The M register is ad- 
dressable as a 16-bit source or destination register, The right-most 
16-bits, if more than 16 are transferred, are loaded into the M reg- 
ister, Data is always transferred right-adjusted and zero-filled to 
the left, Each micro-instruction to be loaded from memory is ORed into 
the M register, Thus, moves to the M register allow modification of 
the next micro-instruction without altering the original micro-instruc- 
tion in main memory, The state of this register is decoded by the pro- 
cessor to enable various control levels to perform the operation called 
for by the current micro-instructions, 


MICRO-INSTRUCTION ADDRESS REGISTER (MAR), 

The MAR (micro-instruction address register) is a 19-bit register capa- 
ble of addressing micro-instructions located in main memory, It ad- 
dresses 16-bit micro-operators in main memory which are assumed to be 
located at bit addresses exactly divisible by 16, When used in this 
manner the low-order four bits of MAR are ignored, Thus, only the 
left-most 15 bits of MAR are actually utilized in addressing, 


The MAR is capable of having binary increments from O through 4095 
added to or subtracted from it, with a high-speed carry adder to fa- 
cilitate micro-program branching, The MAR is automatically incre- 
mented by one word (16 bits) as each micro-instruction is fetched, 
Memory wraparound can occur and is permitted, 
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The MAR is addressable as a source or destination register, When 
addressed as a source, the low-order four bits are set to zero, When 
used as a destination, the low-order four bits of the source are stored 
in the low-order four bits of the MAR, They are, however, not signi- 
ficant, Direct addressing of 40,960 bytes on the B 1712 and 65,536 
bytes on the B 1714 is possible through the MAR, 


The MAR also serves to address main memory for the Read/Write memory 
micro-instruction, The address of the next micro-instruction is 
temporarily stored in a scratchpad holding register, The main memory 
address to be accessed is obtained from the FA register, 


ADDRESS (A) STACK, 

The A stack is a 16-element deep, 24-bit wide memory which operates 
as a push down stack, i,e,, a last-in-first-out (LIFO) structure, 
Address wraparound occurs when more than 16 entries to the stack are 
made, Data is not destroyed on a removal from the stack, The micro- 
instructions Call and Move to TAS (top of A stack) result in a "put 
into" (push ) stack request, whereas Exit and Move from TAS result in 
a "take out of" (pop) stack request, 


Using this stack, the micro-routines operate in a normal call-return 


mode, This allows for highly shared micro-routines, The A stack is 
not intended to be used exclusively as an address stack; it has 
been made 24 bits wide to allow for operand storage, (See figure 2-1.) 


[ras] 


Se RA SU 


16 ELEMENTS 


iS BITS ————| 


Figure 2-1, <A Stack 


TOP OF THE ADDRESS STACK (TAS) REGISTER, 

The TAS register (top of the A stack) is the 24-bit register which is 
currently on the top of the A stack, Moves to or from TAS result in 
data in the A stack being automatically moved to or from the A stack 
on a last-in-first-out basis, 


GENERAL PURPOSE REGISTERS (L, -T, -X, Y). 


L REGISTER. The L register (figure 2-2.) is a 24-bit general-purpose 
register. It is addressable as a source or as a destination register, 
either 24 bits in parallel or in 4b-it groups. Since the L register is 
addressable in 4ebit groups, -its. contents is available for analysis and 
alteration via the 4ebit function box. Manipulate, -Skip, ‘and Bit- 
Test-Branch microeinstructions may operate on the data in the L rege- 
ister. The L register is one of four registers (-X, -Y, LL, -T) capable 

of Read/Write operations with main memor’. 


Figure .2=2. L Register 


T REGISTER. The T register (figure .2-3) is a 24-bit general-purpose 
register. It is addressable as a source or as a destination register, 
either 24 bits in parallel or in 4-bit groups. Since the T register is 
addressable in 4e-b-it groups, -its contents is available for analysis and 
alteration via the 4ebit function box. Manipulate, ‘Skip, and Bit-Test-~ 
Branch instructions can operate on the data in the T register, being 
one of the four registers (X,.-Y, -T, 1) capable of Read/Write operations 
with main memory. - The T register is also capable of Shift/Rotate 

and Extract operation’. 


Figure .2-3. T Register 


X AND Y REGISTERS. The X register and the Y register are 24-bit gen- 
eral purpose register’s, They are used primarily to hold and act as 
sources for two of the three operands of the combinatorial section (the 
24hebit function box) of the processor. The other operand is the CYF 
register (carry flip-flop). The X and Y registers are both addressable 
as source and destination registers. 


Both registers, along with the L register and the T register, -are 
capable of Read/Write operations with main memory. - Both registers are 
capable of the Shift/Rotate operation. The X register is affected by 
the Normalize operation. 
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FIELD (F) DEFINITION REGISTER. 

The F register (field definition) specifies the address and lengths of 
data fields in main memory (see figure 2-4). It is a 48-bit register 
which is functionally divided into two portions: a 2heb.jt FA (field 
address) register and a 24-bit FB register which is divided into a 4- 
bit FU (field unit) register, a 4ebit FT (field type) register, and a 
l6-b-it FL (field length) register. 


FR -——_—_____—_________+ 0 


Figure .2—4. F Register 


FA PORTION OF THE F REGISTER. The FA register holds the absolute main 
memory address of a data field and has the capability of addressing 
524,488 bits (64KB) without regard to physical boundaries. FA may be 
addressed as either a source or destination register. 


FB PORTION OF THE F REGISTER. FB may be considered as one 24=bit reg- 
ister or as various subregisters, The FU register holds descriptive 
information regarding the units of data which make up the addressed 
field in main memory (binary or 4-b.it groups). The FT register holds 
additional descriptive information. The FU and FT values do not affect 
the main memory operation. The FU and FT values are usually supplied 
by .S-instruction’sS. The FU may also be used with the BIAS micno- 
instruction to set the CPU and CPL register’s. The FL register holds 
the total length in binary of the field being operated on jin main 


memory, and is capable of describing fields up to 65,536 bits in 
length. 


FB may be addressed as either a source or destination register or 
addressed in part as FU (4 bits), FT (4 bits), and FL (16 bits). FL 
may also be addressed in 4=-b-it subfields (FLC, FLD, FLE, or FLF). 


SCRATCHPAO. 

A scratchpad of 16 words, -each 48 bits wide, is provided to hold field 
descriptors of operands (see figure 2-59, Scnatchpad may be addressed 
as 16 48-bit words (SO0-S15) or 32 24eb-it words (SOOA-S15A, -SOOB-S15B). 
Any word may be a source or a destination and may be used to hold 
pointers, values, or any other information. 


The second half of the first 48-bit word (SQQB), ‘along with FU and Fl, 
is always entered as input to the 4ebjit function box and used in cere 
tain decisianemaking logic. The field length value in the FL register 
is continually being compared against a corresponding portion (SFL) of 
the SOOB word to determine the relationship of their: contents: high, 
low, equal, or zero. This relationship may then be used in the Bit- 
Test-Branch micro-instruction (refer to FLCN register). The FU and FL 
portions of the F register and the like portions (SFU and SFL) of SQOQB 


ah 


A PORTION B PORTION 


LEFT SIDE RIGHT SIDE 


Figure 2-5. Scratchpad 


may also be used {in the combinatorial section to set the value in the 
CP portion of the C registef. 


FIELD LENGTH CONDITION (FLCN) REGISTER. 

The FLCN register (figure .2-6.) is a 4-bit register which contains the 
result of a’ comparison between the FL portion of the F register and the 
corresponding portion of the first scratcHpad word (right-most 16 bits 
of SO0B) which is called SFL. It has the following interpretations: © 


FLAO0 . = FL not equal to 0 
FL<SFL = FL less than SFL 
FL>SFL = FL greater than SFL 
FL=SFL = FL equal to SFL 


FL=SFL FLOSFL FL<SFL FL4O 


3 2 1 0 


Figure .2-6. -FLCN Register 


levant bits of FLCN are SET by comparing FL and SFL as positive 
1ecoit quant ities. A one bit In a position of the FLCN register 


Indicates that the respective condition is true, 
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BASE AND LIMIT REGISTERS (BR, -LR). 

The base register (BR) and limit register (LR) may be used as source 
or destination registers. They are used for memory protection and 

for base relative addressing. Memory protection is provided for jin 
the MCP by checking the main memory address in all memory Write opera- 
tions with the BR and LR allowing the operation to take place only 
within these limits. 


CONTROL (C) REGISTER. 

The C register (cdntrol) is a collection of independent registers which 
are utilized by the interrupt system of the processor and the combina- 
torial section (see figure .2-7‘). The C register is 24 bits wide and is 
divided into three .8=bit functional part’s. 


— sBITtsS ——~!*+—- 8BITS SS se SBS ——————— 


= )3=—s 24 BITS ————-__——————— 


Figure 2-7. C Register 


CA AND CB REGISTERS. This portion of the C register is addressable in 
4ebit units as CA and CB. These portions are available as general-pur- 
pose source and destination register’s. 


CC AND CD REGISTERS. This portion of the C register jis addressable in 
two Aebit units defined as CC and Cf. CC and CD are used for storage 


of the processor states and for processor interrupts as shown in the 
following paragraph’, 


CC Register. 


The bit meanings for the CC register are as follows: 


‘ae Bit O = cdnsole interrupt. 
b. Bit 1 - 1/0 service request. 
c. Bit 2 = timer jnterrupt. 

d. Bit 3. = console state. 


The console interrupt bit is set from the console INT (interrupt) 
switch and allows the software to come to an orderly stop. The I/0 
service request interrupt bit is set by an I/o controller when it 
issues a service request to the processor. The micro-program must 
determine what caused the interrupt and transfers or receives data from 
the device. The timer interrupt bit is set by the hardware timer every 
100 milliseconds. GUnce the timer interrupt bit is set, -it stays set 
until the MCP resets it. 
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CD Registe 
The bit meanings for the CD register are as follows: 


‘a. Bit Q = reserved, 
be - Bit 1. - reserved, 
7c. Bit 2 = reserved, 
d.- Bit 3 = memory parity error interrupt. 


Any parity error detected during a main memory operation sets the 
memory parity error interrupt bit (CD bit 3’). 


All interrupts in the processor are soft and no reaction occurs as 
a result of an interrupt bit being set until the micno-sprogram tests 
for such setting’s. 


CYF, CPU, AND CPL REGISTERS. The leastesiignificant bits of the C reg- 
ister are composed of the arithmetic unit carry flip-flop (CYF-), the .2- 
bit arithmetic unit type (CPU), and the 5-b.it. combinatorial data length 
control (CPL). Moves from CP to a 24=b.it register automatically in- 
serts 16 leading zeros. Moves to CP from any register use only the 
least-signif icant eight bits of the field being moved. 


The Carry microeinstruction is supplied for manipulating CYF, thereby 
remembering the status of a carry or borrow beyond the length of an 
operand. For SUM and DIFF results, -CYF is always an input to the came 
binatorial section along with the X and Y registers. CPU controls the 
arithmetic iunit type of the combinatorial section and js addressable 
only as a destination register. The possible settings and their 
meanings are listed below: 


CPU Data Type 


00 Binary 

01 hebjt binary 
10 Undef ined 

11 Undef ined 


CPL controls the length of the operands being entered as input to the 
combinatorial section and should be an integral multiple of the data 
type specified by CPU for valid arithmetic ‘result’. The maximum allow- 
able value of CPL is 24, which is an integral multiple of both data 
types. Larger values are reserved. 


MAXIMUM SIZE OF MAIN MEMORY (MAXS) REGISTER, 

The MAXS register is a 24-bit pseudo register which is set by a field 
engineer to indicate the maximum size of the installed main memory. 
The MAXS register is addressable as a source register only. 
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MAXIMUM SIZE OF CONTROL MEMORY (MAXM) REGISTER, 

The MAXM register is a 24-bit pseudo register which is set by a field 
engineer to iIndicdte the maximum size of the jnstalled control (micno- 
instruction) memory. For this processor MAXM always contains a value 
of zero, The MAXM register is addressable as a source register only. | 


TAPE CASSETTE INPUT (U) REGISTER. 

The U register is a 16<bit register used primarily to accumulate input 
(usually micnoeinstructions) from the console TAPE cassette, The U 
register is addressable only as a 16-bit source. 


Only the micnoeinstruction Register Move may access the U registeT. 
In TAPE mode the contents of this register can be moved by a micro- 
program on the tape to the M register for execution. 


DATA REGISTER. 

The DATA register is a 24-b-it pseudo register which can act as a source 
or destination. It is used to transfer data between the I/0 devices 
and the processor. When used as a source it accepts 24 bits of data 
from the 1/0 cantroller. when used as a destination register, data is 
placed jnto the DATA register and is sent to the I/0 controller, 


COMMAND (CMND) REGISTER. 

The CMND register (command) is a 24-bit pseudo register which can act 
as a destination only and is used to transfer I/0 commands to the I/0 
devices, 


NULL REGISTER. 
The NULL register is a 24-bit pseudo register which contains zeros. 
Moves from NULL may be used for. clearing various registers to zeros. 


RITHME TIC AN MBINATORIAL SECTION (24-8. | 
The 24eb-it arithmetic and combinatorial section (figure .2-8) is 
composed of a 24-bit arithmetic iunit and a 24-bit combinatorial unit. 
It has as data inputs the cantents of the X and Y registers and the 
carry indicator (CYF). It also uses the CPU and CPL portions of the 
C register. 


All results from the combinatorial section are generated immediately 
and are continuously available to the microeprogrammer. A move to one 
of the input registers or an alteration of a value in the CYF, -CPU, or 
CPL registers immediately generates a new result. The results are ac- 
cessed by moving the contents of a result register to a destination 
register or by testing one of the 4-bjit candition register’s. 


The results are most of the commonly used functions between two oper- 
ands. These include the AND, OR, EXCLUSIVE-OR, -sum, carry out, differ- 
ehcel, and borrow fuhctions, and the set of equal to, -greater than, -and 
less than relational’. The results of the unary operations of com- 
plementation and masking are also available. 


The results of the arithmetic unit are under centrol of the CPU and 
the CPL registers as follows. 
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FUNCTIONS OF X AND/OR Y 


SUM .X+Y BINARY, 4-BIT 
CMPX NOT X COMPLEMENT 

CMPY NOTY COMPLEMENT 

XANY X*Y AND 

XEOY xX@Y EXCLUSIVE OR 

MSKX XMASKED CONTROLLED BY CPL 
MSKY Y MASKED CONTROLLED BY CPL 
XORY X+Y OR 

DIFF xX-Y BINARY, 4-BIT 


THE LENGTH OF ALL FUNCTIONS 1S CONTROLLED BY THE 


VALUE IN CPL 


CPL 


24-BIT XY FUNCTION BOX 


| | 


———_———> XYST 


——_—_——_——_—_—_» XYCN 


CYL 


X Y 
Figure .2-8. Arithmetic and Combinatorial 
Section (24-Bit Function Box) 
CPU Unit Type Possible CPY Values Data Type 

00 l-b-it operands 1 to 24 Binary 
01 4ebit operands 4, 8, 12, 16, -20, or 24 4ebit binary 
10 Undef ined 
11 Undef ined 


For valid arithmetic 


operations, ‘the operand 


multiple of the length of the unit specified by CPU. 


Each of the following register contents are generated 


are available to the 


SUM RESULT. REGISTER. 
The sum of the xX,.~Y 
ahebit fuhction box) 


micno=programmer upon request, 


rand CYF registers (-X, -Y, and CYF are 
in the 24-bit pseudo sum 


is produced and placed 


length must be an exact 


immediately and 


inputs to the 


209: 


register. Zeros in the morneesignificant bit positions (leftemost) of 
the 24-bit result are produced when the length given by CPL is less 
than 24. CYF should be set to zero at the start of a sum generation. 


The added logic performs differently for the four possible values in 
the CPU register as follows: 


a. IF CPU = 00, the binary sum is produced, 


b. If CPU = 01, the decimal sum is produced by considering the 
input to be comprised of up to six 4ebit unit’. The 4-bit 
units are added decimally and a carry is propagated from one 
4ebjt unit to the next more significant 4-bit unit whenever 
the binary sum of two 4ebit units exceeds 9. 


c. If CPU = 10 or 1-14, the sum fs not def ined, 


DIFFERENCE (DIFF) RESULT REGISTER. 

The difference of the -X, Y, and CYF registers (-X, -Y,; and CYF are inputs 
to the 24ebit fuhctiion box) is produced in the 24-bit pseudo DIFF reg= 
ister. - Zeros in the more significant bit positions (lefttemost) of the 
2hebit result are produced when the length determined by CPL is less 
than 24. Difference results are generated by adding the contents of X 
to the one's complement of both Y and CYf. The complement values are 
hardware generated and do not alter the values of Y or CYfF, 


The absolute value of (Y + CYF) may be greater than the value in X 

and produces a negative result. Such negative results are in comple- 
ment form and are indicated by CYD (carry difference) = 1. If CYD = 0, 
the difference result value js a positive number. CYD is generated 
from all 24 bits of X and Y. It is not controlled by the value of CPL. 


CYD may be used to alter the value of CYf. Intermediate underflow may 
thus be remembered by CYF through iterations of a field. 


The difference logic produces results under control of the CPU register 
as follows: 


a. If CPU = 00, -the binary difference is produced. Negative 
results are expressed in 2'g complement form when CYD = 1. 


be. If CPU = O01, the decimal difference is produced by considering 
the input to be comprised of up to six 4=bit units. The Aebit 
units are subtracted and any borrow is propagated from one 4- 
bit unit to the next as in decimal subtraction. Negative re- 
sults are expressed in 10's complement form when CYD = 1. 


c. If CPU = 10 or 11, the difference is not def ined. 


AND/OR/EXCLUSIVE-}OR (XANY, -XEQY, -XORY) RESULT REGISTERS. 

The results of the appropriate logical function, -AND/OR/EXCLUSIVE-OR, 
of the X and Y registers (X and. Y are inputs to the 24-bit function 
box) are produced and placed in the appropriate 24-bit pseudo register 
(XANY, -XEQY, -XOR-Y, respectively). - Zeros in the more signifiicant bit 
positions are produced wher the length determined by CPL is less than 
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24 , 


COMPLEMENT X/COMPLEMENT. Y (CMP-X, CMPY) RESULT REGISTERS. 

The one's complement of the appropriate register X or Y (X or Y and CPL 
are inputs to the 24-bit function box) is produced and placed in the 
appropriate 24-bit pseudo register, -CMPX or CMP-Y, respectively. Zeros 
in the more significant bit positions of the 24-bit result are produced 
when the length given by CPL is less than 24, 


MASKED X/MASKED Y (MSKX, MSKY) RESULT REGISTER’. 

The mask of the contents of the appropriate register X or Y (X or Y and 
CPL are inputs to the 24-bit function box) fis produced and placed in 
the appropriate 24-bit pseudo register, -MSKX or MSKY, -respectively (see 
figure .2-%9). The value of CPL determines the number of bits placed in 
MSKX or MSKY. Zeros in the more significant bit positions of the 24- 
bit result are produced when the length given by CPL is less than 24, 


X REGISTER CPL 


11119411999117111111111711 


24-BIT FUNCTION BOX 


0000000000000000001 11111 


24 ~ —— MSKX ———* 0 


REGISTER 


Figure .2"9., MSKX Result Register 


BINARY CONDITIONS (BICN) REGISTER. 

The BICN register (figure 2-10) is a 4ebit pseudo register which may 
act as a source only and indicates the following binary conditions: 
CYL (carry out level-), CYD (borrow out level-), -CYF (carry flag), -and 
LSUY (least significant unit of Y). 


Figure 2 BICN Register 
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The LSUY is true if the least significant unit of the Y register is 
equal to 1 and CPU equals 00, or the least significdnt unit of the Y 
register jis equal to 1001 (nine) and CPU is equal to O1. If CPU equals 
10 or 11, LSUY is not defined. 


The carry out and borrow out levels are a function of the inputs (-X, -Y, 
and CYF) and CPL. CYF may be manipulated by a special micro-instruce 
tion or as data jin the high-order position of the CP register. 


X/Y CONDITION (XYCN) REGISTER. 

The XYCN register (figure .2-11) is a 4-bit pseudo register which may 
act as a source only and contains the following relational conditions: 
X > Y (X is greater than Y),-X < Y (X is less than ¥), -X = Y (X equal- 
Y), and MSBX (the most significant bit of X). 


MSBX X=Y x<yY Xx>Y 
3 2 1 0 


Figure .2-11. XYCN Register 


The relevant bits of XYCN are SET by comparing X and Y as positive 
2hebit quantities. The MSBX ts true If the mostesignificant bit 
of the X register, as designated by CPL, {5s a 1. 


X/Y STATE (XYST) REGISTER. 

The XYST register (figure .2-12) is a 4eb-it pseudo register which may 
act as source only and contains the following relational conditions: 

X #0 (X is not equal to zero), Y #0 (Y is not equal to zero), Inter- 
rupt (INT is true if any of the following conditions contained by CC 
and CD are true: timer interrupt, -I1/0 service request interrupt, -can- 
sole poker poet ous Teer parity error interrupt), and LSUX (the least 


significant unit of X). 


Figure 2-12. XYST Register 


LSUX fs true when the least significant unit of the X register is a 1 
and CPU equals 00, or when the least significant unit of the X register 
equals 1001 (nine) and CPU equals 01. If CPU equals 10 or 11, -LSUX is 
not def ined. 


The relational conditions are based on the binary value of all 24 bits 
OF X-Or “Vs 


The 4-bit arithmetic ‘and combinatorial section of the processor is used 


to generate most of the normally used functions between two 4-bit oper- 
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ands and can accept as input the contents of any one of the following 
4ebit registers, 


TA TB TC TD TE TF 

LA LB LC LD LE LF 

FU FT FLC FLD PLE FLF 
CA CB CC CD 

BICN XYCN XYST FLCN 


A second input jis obtained from the Four=Bit Manipulate micno-instruc= 
tion itself. It has as possible results the commonly used functions 
between two operand’s, these includes SET, -AND, -OR, -EXCLUSIVE-OR, Bi- 
nary Modulo 16 Sum, and Binary Modulo 16 Difference functions. The 
results may only be directed to the same register which acted as the 
source. The sum and difference result can be tested for overflow and 
underflow, respectively. 


The BICN, -XYCN, -XYST, and FLCN registers are available as source reg- 
isters only. 


The 4-bit combinatorial section also provides for the selective testing 
of any of the bits within the 4=bit registers and relative branching 
based on the results of the test (Bit-Test-Branch, micro-instructions). 
The Skip When microsinstruction also tests any combination of bits, -up 
to four, ‘and branches on the result, 


Listed jin table 2-1 jis a summary of the various 4=bit conditions which 
are available to the micro-programmer. (Refer to table 1-3 for the 
registers and functions jin the column-row matrix.) 

Table .2=1 


4eBit Conditions 


Reg ister 


LSUY | CcyYD : 
MSBX X < Y X > Y 
LSUX Y #0 X #0 


FL = SFL ‘ FL < SFL FL 40 

Console state i 1/0 service Console 

lamp interrupt interrupt interrupt 
request 

Memory parity Reserved Reserved Reserved 

interrupt 


SECTION 3 
B 1726 PROCESSOR 


N 
This section diScusses the B 1726 processing unit which consists of the 
cdmbinatoriial portion of the system along with the various addressing 
and data manipulation register’. - 


PROCESSING UNI‘. 

The processor is the general-purpose data manipulator of the system. 
It performs the basic \lmicro-fuhcttiions necessary for a variety of come 
mercial, ‘scfhentifiic,) and data communicdtions application’. These 
micnoefuhctions are performed by a set of elementary operators called 
micro=instructiors. - Micno-instructions operate on strings of bits 
oe registers that were formerly the responsibility of the hardware 
logic. 


By stringing a series of micrnoeinstrictions together, -a macro-operation 
comparable to that defined by an assembler .or’ cdmpiler-level instruc-~ 
tion may be implemented. This micro-instructiion string is an intere 
preter for a macro "Ssinstruction" operation (refer to .S-Instructions). 
Micro-instructiion strings are executed in a "read-only" mode and are 
usually stored in the high-speed’ cantrol memory of the systefn. : They 
may, -however, be executed directly from the main memory of the system. 
Control memory may also be overlaid with micno-einstructions from main 
memory. 


CONTROL MEMORY, 

This Read/Write memory resides within the processing unit and is used 
anly to hold micro-instruction’s. - If the set of micno-instructions in - 
use exceileds available cantrol memor-y, ‘the excess micnho-instructions are 
stored in, and! can be executed from, -main memory. ; The processor prap- 
erly addresses the micno-instructions in either location (refer to 
Micro-Instruction Addressing’). - Micrnoeinstructiions which are being exe- 
cuted from main memor-y, -however, result in a decrease in system 
throughput. This decrease occurs becduse cdntrol memory is four times 
faster than main memory. - Micro-instructiion sequences that are exe- 
cuted many times are located in cdntrol memory. - Micno-instructions 

may be overlaid from main memory into cantrol memory. . The larger the 
amount of cdntrol memory the greater the system throughput. 


Control memory size is 1024 or 2048 words. Each word jis 16 bits wide 
to acddmmodate one micno-instructtion. The micro-programmer should 
locate the sequehcés of cdde according to their expected frequency of 
usage. The greater the frequehcy of usage, ‘the lower their address in 
control memor’y. - This is done to give the highest execution speed 
possible for the system, -regardless of the installed size of cantrol 
memory. - Microeinstructions which normally would have been stored in 
the missing portion of control memory are located in available main 
memory and addressed direéctil’y. - Control memory operations are overe 
lapped with main memory operations except for the Read, -Write, Dis- 
patch, and Overlay micro-instructions. - Control memory operates jin a 
"read anly" mode, with the two excdptions of the Overlay micno-instriuc- 
tion and the’ cdnsole control panel in the halt/display mode. 


MICRO=INSTRUCTION ADDRESSING, 

To Facilitate the fetch and execution of micno-instructiions which are 
located in control memory and/or main memory, ‘three hardware registers 
and certain déecisian=making log/ic ihave been implemented. The three 
registers are the A register (14-bit address), the TOPM register (top 
of ‘cdntrol memory), and the MBR register (micnoeinstructiion base). The 
addressing. logic loperates in the following manner. 


As each microeinstruction is fetched, the A register is automatically 
incremented by 1. The michoeinstruction just fetched is executed. 
Before fetching the next micro-instruction, the value in the A rege 
ister is’ compared to (TOPM x 512). The TOPM register normally contains 
a value equal to the number of bytes (MOD 1000) of control memory pre- 
sent on the system, -so that multiplying: TOPM by 512 yields the number 
of the first microeinstruction outside’ cdntrol memory. 


If ‘the value in the A register is less than (TOPM x 512), the next 
micno-instruction is fetched from control memory at the address given 
in the A register. The process then returns to the initial micho- 
instruction fetched. 


If the value in the A register is equal to or greater than (TOPM x 
512), the next micro-instructiion {s fetched from main memory. The 
bit address of that instructtion is obtained from the following formula: 


(A x 16) + MBR 


The MBR register contains the base address above which micrno-instruc- 
tions in main memory are stored. The process then returns to the 
micno-instructiion fetched, If the address generated by the above fare 
mula is equal to or greater than the value in. the MAXS register, a meme 
ory-read-address-out-af -bounds interrupt ocours when the fetch is 
attempted. 


Figure 3-1. illustrates the above sequence of operations. 


For example, -suppose there are 4K bytes (2048 words) of control memory 
and 64K bytes (524,288 bits) of main memory installed on the system. 

In this case, ‘the TOPM register should be set to 4 by the HCP to indi- 
cate the size of cdntrol memory. If the MBR register is set by the MCP 
to bit address 426,984, there is sufficient space for 4096 micro- 
instructions to be stored in main memory. - Micro-instructions are | 
fetched from control memory until the A register is equal to 2048 (TOPM 
x 512:), indicating that the size of cantrol memory has been excéeded. 
At this time, -the processor begins to fetch micro-einstructions from 
mainememor-y, “starting at bit address 459,752 ((A x 16) +MBR). This 
process continues until the A register is reset by a micnoeinstruction 
or until the end of main memory is reached (((A x 16) + MBR) > MAXS). 
In the first cdse, a branch jis executed to a different area of. can- 
trol or main memory; in the sBcdnd case, a memor.y-read-address-out- 
ofe-bounds interrupt ocour’s, 


FETCH MICRO- 
INSTRUCTION 
FROM MAIN 
MEMORY AT 
ADDRESS: 

(A x 16)+MBR 


INCREMENT A 
REGISTER 
BY 


PERFORM 
ICRO-INSTRUCTIO 


| JUST FETCHED 


FETCH MICRO 
INSTRUCTION] 
FROM CON- > 
TROL MEMORY 
AT ADDRESS: 
A REGISTER 


Micro-Instruction 
Fetch and Execution 


Figure 3-1, 


Note the apparent discrepancy between the value in the MBR register 
and the address where the first micro-instruction is fetched from 
main memory, The area between the two addresses is exactly the size 
of the installed control memory (as indicated by (TOPM x 512)), and 
is available for data or code storage by S-instruction programs, 


PROCESSOR REGISTERS 


ee 


MICRO-INSTRUCTION (M) REGISTER, 

The M register (micro-instruction) is a 16-bit register used to hold 
and decode the current micro-instruction which has been obtained from 
control. memory or main memory, 


The M register is addressable asa 
ister, The right-most 16 bits, if 
loaded, Each micro-instruction to 
ORed with whatever may be in the M 
register allow modification of the 


altering the original micro-instruction, 


16-bit source or destination reg- 
more than 16 are transferred, are 
be loaded from control memory is 
register, Thus, moves to the M 
next micro-instruction without 
The state of this register 


is decoded by the processor to enable various control levels to per- 
form the operation called for by the micro-instructions, 


CONTROL/MICRO-STRING MEMORY (MSM) REGISTER, | 
The MSM register is a 16-bit pseudo register which is addressable as 
a source when the console control panel is ina halt/display mode or 


as a destination register when the 
tape mode, 


which is pointed to by the A register, 


nation register by the Move 24-Bit 


console control panel is in the 


As a source register MSM contains the micro-instruction 


Tt is addressable as a desti- 
Literal micro-instruction and by 


the Register Move micro-instruction in the tape mode, 
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ADDRESS (A) REGISTER, 

The A register (address) is a 1l4-bit register capable of addressing up 
to 16,384 micro-instructions ee 16 bits in length) located in main 
memory and/or control memory (see figure 3-2), The A register is 
capable of having binary increments from O to 4095 added to or sub- 
tracted from it, with a high-speed carry adder to facilitate micro- 
program branching, The A register is automatically incremented by 

one as each micro-instruction is fetched, 


BINARY ADDRESS oO O O O 


13 O 
17 4 3 O 


Figure 3-2, A Register 


The A register is addressable as a source or a destination, When ad- 
dressed as a source, its contents are automatically multiplied by 16, 
When used as a destination, the right-most four bits of the source are 
lost, These functions are accomplished by the presence of four non- 
functioning bits appended to the low-order end of the register which 
are always zero, When used as a source, the A register is actually 
transferred as an 18-bit field, thus automatically accomplishing the 
multiplication by 16, As a destination, the source is moved right- 
justified into the 18-bit destination field, with the four low-order 
bits masked to zeros, These extra four bits cannot be addressed and 
are completely transparent to the micro-programmer , 


TOP OF CONTROL MEMORY (TOPM) REGISTER, 

The TOPM register (top of control memory ) is a 4-bit register which may 
act as a source or a destination (see figure 3-3), This register is 
automatically multiplied by 512 and compared with the address in the A 
register to determine whether the next micro-instruction should be 
fetched from main memory or control memory, ‘This automatic multipli- 
cation is accomplished by the presence of nine nonfunctioning bits 
which are always zero, appended to the low-order end, These extra nine 
bits cannot be addressed and are completely transparent to the micro- 
programmer, For each 1K bytes of control memory the TOPM register is 
incremented by 1, 


TOPM 


Figure 3-3, TOPM Register 


MICRO=INSTRUCTION BASE REGISTER (MBR). 

The MBR (micho=instruction base register) is a 24-bjt register which 
may act’ as a source or a destination. - It is used to. cantain the base 
address (modulo 16) above which all micnoe-instructions stored jn main 
memory are located. The micro-instructions do not begin exactly at 
the address in the MBR register. 


The address in main memory of the next micno-instruction to be fetched 
is equal to the cdntents of the A register times 16 added to the cdne- 
tents of MBR, or (A x 16) + MBR. 


ADDRESS (A) STACK. 

The A Stack (figure 3-4) is a 32-element deep, 24-bit wide memory which 
operates as a pushedown stack, “i.@., a last in, first out (LIFO) strucs 
ture. - Address wraparound occurs when more than 32 entries to the stack 
are made. Data is not destroyed on a removal from the stack. The 
micnoeinstructions Call or Move to TAS (top of A stack) result ina 
"put into" (push) stack request, whereas Exit and Move from TAS result 
ina "take out of" (pop) stack request. 


Using this stack, -the micro-routines operate in a cal.lereturn mode 
which allows. for highly shared microsroutines and reducds the’ cantrol 
memory requirement’. The A stack is not intended to be used exten= 
sively as an operand stack; it has been made 24 bits wide to allow for 
operand storage. 


32 ELEMENTS 


j}-—_________ 24 BITS ae 


Figure 3=4. A Stack 


TOP OF ADDRESS STACK (TAS) REGISTER, 

The TAS register (top of the A stack) is the 24-bit register which jis 
currently the top of the A stack. Moves to. or from the TAS register 
result in data in the A stack being automatically moved to or from 


the A stack ona last in, first out basis. 
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GENERAL PURPOSE REGISTERS (1,.-T, «X, -Y). 


L REGISTER. The L register (figure 3-5) is a 24-b.it, general-purpose 
register. - It is addressable as a source or as a destination register, 
either 24 bits at a time or in 4-bjit groups. Since the L register is 
addressable in 4eb.it groups, -its contents are available for analysis 
and alteration via the 4=bit function box. Manipulate, -Skip, -and 
BiteTest-Branch micnoeinstructions may operate on the data in the L 
register. The L register is one of four registers (-X,.-Y, LL, -T): cap- 
able of Read/Write/Swap operations with main memory, - 


LA LB LC LD 
3 0 3 0 3 0) 3 0 3 
23 <. $$ 


ar rrencrienmccmaton 


3 ¢) 


Figure 3-5. -L Register 


The Dispatch micro-instruction uses the contents of the L register as 
the 2hebit address of the first 1/0 description in main memor’,. 


T REGISTER. - The T register (figure 3-6.) is a 24-bit general-purpose 
register. - It is addressable as a source or a destination register, 
either 24 bits at a time or in 4-b-it groups. Since the T register is 
addressable in .4-b.it groups, -jts’ cantents are available for analysis 
and alteration via the 4-b-it function box. - Manipulate, -Skip, ‘and 
Bit-Test=Branch instructiions can operate on the data in the T register. 
It is one of the four registers (-X,.-Y, -T, 1): capable of Read/Write/Swap 
operations with main memor’y. The T register is capable of Shift/Rotate 


and Extract operations. 
(0) 3 10) 3 0 3 O 3 O 
nei (Y 


23°=--— 


Figure 3-6. T Register 


X AND Y REGISTERS. The X register and the Y register are 24-b.it, -gen- 
eral-purpose registers. They are used primarily to hold and act as 
sources for two of the operands of the combinatorial section (input to 
the 24-bit function box) of the processor. : The other operand is the 
CYF register (carry flip-f:lop). The X and Y registers are addressable 
as source and destination registers. 


Both registers, along with the L register and the T register, -are 
capable of Read/Write Swap operations with main memor’yy. Both registers 
"are capable of the Shift/Rotate operation. 


FIELD (F) DEFINITION REGISTER. 

The F register (field definition) specifies the address and. lengths of 
data fields in main memory (see figure 3-7). It is a 48-bit register 
which is functionally divided into two portions: a 24eb.jit FA (field 
address) register and a 24-bit FB register which is divided into a 4- 
bit FU (ffteld unit) register, a 4-b.it FT (field type) register, ‘and a 
l6eb.it FL (f teld length) register. It may be loaded, stored, ‘or 
swapped 48 bits in parallel with scratchpad memory. 


23~——- FA ——> 0 


Figure 3-7, F Register 


FA PORTION OF THE F REGISTER. The FA register holds the absolute bi- 
nary main memory address of a data fleld and has the cadpability of di- 
recttly addressing 16,777,216 bits without regard to phys‘icdl bounda- 
rie’S. FA may be addressed as either a 24-b.it source or destination 
register. 7 


FB PORTION OF THE F REGISTER. FB may be. considered as one 24-b.it rege 
ister or varfous subregisters: FU, *-T, and FL. +: The FU register holds 
descriptive information regarding the units of data which make up the 
addressed field in main memory (binary, 4-b.it, or .8-b.it groups). The 
FT register holds additional descriptive information. The FU and FT 
values are usually supplied by .Ss#instructtions and the FU may ialso be 
used with the Bias micro-instruction to set the CPU and CPL registers. 
The FL register holds the total length in binary of the field being 
operated on in main memor-y, and is capable of desScrnibing fields up 

to 65,536 in length. 


FB may be addressed as a source or destination or in part as FU (4 
bits), FT (4 bits), and FL (16 bits). FL may also be addressed as 
Ambit subfields (FLC, FLD, FLE, or FLF). 


SCRATCHPAD. 

A scratcHpad of 16 words, -each 48 bits wide, Is provided to hold field 
descriptors of operands (see figure 3-8). Scratchpad may be addressed 
as 16 48-bit words (SQ0"S15) or 32 2heb.it words (SOOQA-S15A, -SOOB-S158). 
Any word may be a source or a destination and may be used to hold 
pointers, values, or any other information. 
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A PORTION B PORTION 


LEFT RIGHT 


Figure 3-8, Scratchpad 


The second half of the first 48-b.it word (SO0B-), «along with FU and FL, 
is always entered as input to the 4ebjit fuhction box and is used in 
certain decisian=making logic. The field length value in the FL reg- 
ister {fs continually being compared against a carresponding portion 
(SFL) of the SOOB word to determine the relationship of their contents: 
high, -low, ‘equal, or zero. This relationship may then be used in the 
BiteTest=-Brahch micro-instruction (refer to FLCN register). The FU and 
FL portions of the F register and the like portions (SFU and SFL) of 
SOOB may also be used in the combinatorial section to set the value in 
the CP portion of the C register. 


FIELD LENGTH CONDITIONS (FLCN) REGISTER. 

The FLCN register (figure 3-9) is a 4ebit register which contains the 
result of a cdmparison between the FL portion of the F register and 
the corresponding portion of the first scratchpad word (right-most 16 
bits of SO0B) which is called SFL.- It has the following 
interpretation: 


FL # Q - FL not equal to 0 
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FL<SFL = FL less than SFL 
FL>SFL - FL greater than SFL 
FL=SFL = FL equal to SFL 


Figure 3-9. - FLCN Register 


The relevant bits of FLCN are SET by compartna FL and SFL as posttIive 
16-bit quantities. A one bit tn a position of the FLCN register iIndi- 
cates that the respective condition {s true, 


BASE AND LIMIT REGISTERS (BR, -LR). - 

The base register (BR) and limit register (LR) may be used as source or 
destination registers. « They are used for main memory protection and 
for base relative addressing. - 


Memory protection is provided for in the MCP by checking the main 
memory address (fn: FA) on all Read/Write/Swap operations with the BR 
and LR allowing the operation to take place only within those limit’s. 
All out-of=bound requests, whether allowed or not, ‘are flagged in the 
CD portion of the C register (CD bits 0 and 19.- Any Write operation 
or the write portion of a Swap operation outside the values in the 
base and limit registers is inhibited unless the out-of-bounds over- 
ride bit is on in the C register (CD bit 2 = 1). ~- Read out-of -bound 
operations are executed. - 


Memory protection is only provided on the main memory address in the 
FA register and not on any of the 23 adjacent bits when the value in 
the field length (FL) register is greater than one. - 


CONTROL (C) REGISTER, - 

The C register (cdntrol) is a callecttiion of independent registers which 
are utilized by the interrupt system of the processor and the’ cdambi- 
nator lial secttion. ; The C register is 24 bits wide and is divided into 
three 8=8b.jit. functional parts (see figure 3-10). - 


24BITS 


Figure 3-10. - C Register 
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CA AND CB REGISTERS. This portion of the C register is addressable in 
4Kebit units as CA and CB. These portions are available as general- 
purpose storage register’. 


CC AND CD REGISTERS. This portion of the C register is addressable in 
two 4eb.it units defined as CC and CD. CC and CD are used for storage 
of the procéssor states and for processor interrupts as described in 
the following paragraphs. 


CC Reaistet. 
The bit meanings for the CC register are as follows: 


fae - Bit Q = cadnsole interrupt. 

bh. - Bit 1. - 1/0 service request interrupt, 
©. - Bit 2 = timer interrupt. 

‘4. - Bit 3 - cdnsole state. 


The cdnsole interrupt bit Is set from the console INT (interrupt) 
switch and allows the software to come to an orderly stop. The I/0 
service request interrupt bit is set by an I/0 cdntroller when it 
issues a service request to the prbcessor. The timer Interrupt bit is 
set by the hardware timer every 100 millisecdnds. Once the timer ine 
terrupt is set, it stays set until the MCP resets it. :; The cansole 
STATE light is also under cantrol of the micro-=programmer. 


CD Register, 
The bit meanings for the CD register are as follows: 


a. - Bit Q = memory Write/Swap address out of bounds interrupt. 
be - Bit 1 = memory Read address out of bounds interrupt. 

Co” Bit 2 - memory Write/Swap address out of bounds override, 
d.- Bit 3 = memory parity error interrupt. 


The out-of=-bound signals used to set CD bits O and 1 are derived from 
logic \which’ compares the cdntents of the FA register with the cdntents 
of the base (BR) and limit (LR). registers. The out-of -bounds override 
bit (CD bit 2 set to 1) allows a Write operation or the write portion 
of a Swap operation to be executed but does pot inhibit the setting of 
the Write/Swap address outeof-«bounds bit (CD bit 0). The Read cycle 
is never inhibited but sets the Read Address outeofebounds bit (CD bit 
1) if the address is not between the values in the base and limit reg- 
ister’s. Any parity error detected during a main memory operation sets 
the memory parity error interrupt (CD bit 3). All interrupts jn the 
processor are soft and no reaction occurs as a result of an interrupt 
bit being set until the micro-program tests for such setting’s. 


CYF, CPU, -AND CPL REGISTERS. The least signif‘icant eight bits of the 
C register (CP) are composed of the arithmetic unit carry flip-flop 
(CYF:), the 2-bit arithmetic lunit type (CPU), and the 5Sebit combina- 
torial data length control (CPL). Moves from CP to a 24e-b.it register 
automatiically insert 16 leading zeros, -and moves to CP from any reg- 
ee, use only the least significant eight bits of the field being 
moved. 
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The Carry micro-instruction is supplied for manipulating CYF and there- 
by. remember ing the status of a carry or borrow beyond the length of an 
operand. For SUM and DIFF results, -CYF is always an input to the come 
binatorial section along with the X and Y registers, CPU is address- 
able only as a destination. CPU controls the arithmetic unit type of 
the combinatorial section. The possible settings and their meanings 
are listed below. 


CPU Data Type 


00 Binary 

01 4ebit binary 

10 Undef ined 

11 8-bit numeric (EBCDIC) 


CPL. controls the length of the operands being entered as input to the 
combinatorial secttion and should be an jntegral multiple of the data 
type specified by CPU for valid arithmetic iIresult/s. The maximum allows 
able value of CPL is 24, which is an integral multiple of all allowable 
data types. - Larger values are reserved. 


MAXIMUM SIZE OF MAIN MEMORY (MAXS) REGISTER. 

The MAXS register is a 24-b.it pseudo register which is set by a field 
engineer to indicate the maximum size of the installed main memor’,. 
The MAXS register is addressable as a source register only. 


MAXIMUM SIZE OF CONTROL MEMORY (MAXM) REGISTER. 

The MAXM register is a 2heb.it pseudo register which is set by a field 
engineer to indicdte the maximum size of the installed control (michno- 
instruction) memory. The MAXM register is addressable as a source 
register only. 


TAPE CASSETTE INPUT (U) REGISTER, 

The U register is a 16-bit register used to accumulate input (micro- 
instructiions) from the console tape cassette. The U register is 
addressable only as a 16=b.it source register. 


Only the micno-instruction Register Move may acdess the U register. If 
data is not yet available in the register, the micro-operator is de- 
layed. During: TAPE mode the contents of this register is moved by a 
microsprogram to the M register for execution if the previous microe- 
instruction did not move the cantents out. 


DATA REGISTER. 

The DATA register is a 24@b.it pseudo register whlicH can act as a source 
or destination. It is used to transfier data to and from the respective 
1/0 cdntrollers, When used as a source, ‘the DATA register atdcepts 24 
bits of data from the respective I/0 cantroaller. When used as a desti- 
nation, -the DATA register transfers up to 24 bits of data from a source 
in memory to the 1/0 cantraller’s. 
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COMMAND (CMND) REGISTER, 
The CMND register (command) 
It 


as a destination only. 


is a 2h4ebjt pseudo register which can act 
is used to transfer 1/0 cammands to I/0 


devicds on the respectiive 1/0 controller, 


NULL REGISTER, 


The NULL register is a 24<b.it pseudo register which contains zero’. 


may be addressed only as a source register. 


Moves from NULL may be 


used for setting various registers to zeros. 


ARITHMETI 


has as data 
Flip-flop (CYF. 


-b:it arithmetic iand. comb inator ial section (Figure ae 11) 
posed of a 24eb.it arithmetic iunit and a 24-bit combinatorial unit. 
inputs the contents of the X and Y registers and the carry 
It also uses CPU (cdntrol for the arithmetic unit) 


4 oB, 
is came 


and CPL (the 5-b.it variable operand length) from the CP portion of 


the C registef. 


CYF CPU CPL 


SUM 

CMPX 
CMPY 
XANY 
XEOY 
MSKX 
MSKY 
XORY 
DIFF 


Figure 3-11 e 


24-BIT XY FUNCTION BOX 


—_—_-_—_—+ XYST 


FUNCTIONS OF X AND/OR Y 


M+ VY BINARY, 4-BIT, 8-BIT (Ss KV ON 
NOT X COMPLEMENT a 
NOT Y COMPLEMENT ———_—_——_——+ BICN 

xey AND _ 

X@Y EXCLUSIVE OR 

x MASKED CONTROLLED BY CPL 

Y MASKED CONTROLLED BY CPL 

X+Y OR 

x-¥ BINARY, 4BIT, 8-BIT 


———__——_——> CYL 


THE LENGTH OF FUNCTIONS IS CONTROLLED BY THE 
VALUE IN CPL. 


—————-CYD 


Arithmetic and Combinatorial 
Section 


It 


It 


All results from the combinatorial sectiion are generated immediately 
and are continuously available to the microsprogrammer. A move to one 
of the input registers or an alteration of a value in the CP portion of 
the C register [mmediately generates a new result. The results are 
available to the next micnhoeinstruction and are acdessed by moving the 
contents of a result register to a destination register or by testing 
one of the 4-b-it condition register’s. 


The results are most of the cammoniy used fuhctions between two opere~ 
and’s. These include the AND, OR, EXCLUSIVE-OR, -sum, carry out, diff- 
erence, ‘and borrow fuhctiions and the set of equal to, ‘greater than, ‘and 
less than relational’S. The results of the unary operations of 
complementation and masking are also available. 


The results of the arithmetic |\unit are under cantrol of the CPU and the 
CPL registers as follow’. 


CPU Unit. Type Possible CPL Values Data Type 
00 -b:it operands 1 to 24 Binary 


01 Aeb-ft operands 4, 8, 12, 16, 20, or 24 Aebjt binary 
10 Undef tned 
11 8-b:it operands 8, 16, or 24 EBCDIC 


For valid arithmetic operations, the operand length (as specified by 
CPL) must be an exact multiple of the length of the unit specified by 
CPU. 


Each of the following register cdntents is generated immediately and 
is available to the micrho=programmer. 


SUM RESULT REGISTER, 

The sum of the -X,.*Y, and CYF registers (X,.-Y, and CYF are entered as 
inputs to the 24<bit function box) is produced and placed in the 24-bit 
pseudo SUM registef. Zeros in the mostesjignifiicdnt bit positions 
(lef.t-emost) of the 24-bit result are produced when the length given by 
CPL is less than 24. CYF should be set to zero at the start of a sum 
generation. 


The adder: logic performs differently for the four possible values in 
the CPU register as follows: 


‘a. If CPU = 00, the binary sum is produced, 


h. If CPU = 01, the decimal sum is produced by cdnsidering the 
input to be comprised of up to six 4=bit units. The 4ebit 
units are added déciimally and a carry is propagated from one 
4ebit unit to the next mostesignificant 4-b.it unit whenever 
the sum of two 4eb.it units exceeds %. 
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ce. If CPU = 10, the sum is undef ined. 


d. If CPU = 11, the decimal sum jis produced by considering. the 
input to be comprised of up to three 8-bit units. The leaste 
Significant 4 bits of each unit are added in a manner similar 
to the 4eb.it unit, including carries. The mostes.ignificant 
bits of each unit cantain the inclusive-OR of the 
carresponding bits of the input’s. 


DIFFERENCE (DIFF) RESULT REGISTER, 

The difference of the -X, ~Y, and CYF registers (-X,.*Y, and CYF are en- 
tered as inputs to the 24-bit function box) is produced and placed in 
the 24-b:it pseudo DIFF register. Zeros in the mostes.ignif.icant bit 
positions (lef.temost) of the 24eb-it result are produced when the length 
given by CPL is less then 24. Difference results are generated by 
adding the contents of X to the one's’ camplement of both Y and CYf 

The complement values are hardware generated and do not alter the 
values of Y or CYf. 


The absolute value of (Y + CYF) may be greater than the value in X and 
produces a negative result. Such negative results are in complement 

form and are indicated by CYD (carry difference) =%. If CYD = 0, the 
differehce result value jis a positive number. CYD is generated from 

all 24 bits of X and. Y and is not’ cantrolled by the value in CPL. CYD 
may be used to alter the value of CYF. Intermediate underflow iay thus | 
be remembered by CYF through iterations of a field, 


The difference logic produces results under the control of the CPU 
register as follows: 


a. If CPU = 00, the binary difference is produced. Negative 
results are expressed in 2's: complement form when CYD = 1. 


be. If CPU = O01, ‘the decimal difference is produced by considering 
the input to be comprised of up to six Hebjit units. The 4eb.it 
units are subtracted and any borrow is propagated from one 
4ebit unit to the next as jin decimal subtraction. Negative 
results are expressed in 10's complement form when CYD =%. 


c. If CPU = 10, the difference is undef ined. 


d. If CPU = 14, the decimal difference is produced by considering 
the input to be comprised of up to three .8=bit unit’s, The 
leastes:ignif.icdant 4 bits of each unit are subtracted in a 
manner similar to the 4ebjit units including borrows. The 
mostesignificdnt bits of each unit cdntain the inchusive-OR 
of the corresponding bits of the input’S. Negative results 
are expressed in 10'¢ complement form when CYD = 1. 


AND/OR/EXCLUSIVE=OR (XANY, -XEQY, -XORY) RESULT REGISTERS. 

The result of the appropriate logical function AND/OR/EXCLUSIVE-OR of 
the X and Y¥ registers (X and Y are inputs to the 24-b.it function box) 
is produced and placed in the appropriate 24-b.jt pseudo register (XANY, 
XEOY, -XORY). - Zeros in the most-signifiicant bit positions in the 24-bit 
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result are produced when the length given by CPL is less than 24, 


COMPLEMENT X/COMPLEMENT. Y (CMP-X, -CMPY) RESULT REGISTER. 

The one's’ complement of the appropriate register X or Y (X oor. Y and 

CPL are Inputs to the 24-bit fuhcttion box) fs produced and placed in 
the appropriate 24-b.it pseudo register, CMPX or CMP-Y, respectively. 

Zeros in the mostes.ignifiicdnt bit positions of the 24-b.it result are 
produced when the length given by CPL is. less than 24, 


MASKED X/MASKED Y (MSKX, -MSKY) RESULT REGISTER. 

The mask of the cantents of the appropriate register X or Y (X or. Y 
and CPL are inputs to the 24eb.iit function box) is produced and placed 
in the appropriate 24-bit pseudo register, -MSKX or MSKY, respectively 
(see figure 3-12). The value of CPL determines the number of bits 

in MSKX or MSKY. - Zeros in the mostesignificant bit positions of the 
vi result are produced when the length given by CPL ts. less than 
24. 


X REGISTER 


199991999919991111199111 | | otto | 
Dt = ae A ge 50 


24-BIT FUNCTION BOX 


0000000000000000001 11111 


23 ge = MSKX ————e 0 


REGISTER 


Figure 3-12. - MSKX Register 


BINARY CONDITIONS (BICN) REGISTER. 

The BICN register (figure 3-13) is a 4-b.it pseudo register which may 
act. as a source only and indicdtes the following binary conditions: 
CYL (carry out level), CYD (borrow out level-), CYF (carry flag), -and 
LSUY (least significdnt unit of Y). 
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3 2 1 Oo 
Figure 3-13. BICN Register 


The LSUY fs true ff: the least significant unit of the Y register is 
equal to 1 and CPU equals 00, or the right-most 4 bits of the least 
signif tcant unit of the Y register ts equal to 1001 (ntne) and CPU Is 
equal to 01 or 11. ‘If CPU is equal to 10, LSUY Its undefined. 


The carry out and borrow out levels are a function of the Inputs (X, Y, 
and CYF) and CPL. CYF may be mantpulated by a special micro-Instruc® 
tion or as data In the high-order position of the CP register, 


X/Y CONDITIONS (XYCN) REGISTER. 

The XYCN register (figure 3-14) ts a 4ebit pseudo register which may 
act’ as a source only and contains the following relational conditions: | 
X>Y (X is greater than Y, X<Y (X Is less than Y), X=Y (X equals Y), and 
MSBX (most stgnificant bit of X). 7 


= X=Y | X<Y xX>Y | 
3 2 1 0 
Figure 3-14, XYCN Register 


The relevant bits of XYCN are SET by comparing X and Y as positive 24-bit 
quantittes. MSBX is true {tf the bit to which CPL points is a i. 


X/Y STATES (XYST) REGISTER. 

The XYST register (figure 3-15) is a 4-bit pseudo register which may 
act as a source only and contains the following relational conditions: 
X = 0 (X Is not equal to zero); Y = 0 (Y ts not equal to zero); INT 
(interrupt) is true {f any of the following conditions reflected by 
INCN, CC, and CD are true’ missing port device, port {nterrupt, timer 
Interrupt, I/0 service request Interrupt, console interrupt, memory 
parity error Interrupt, and memory Write/Swap address out-of-bounds 
Interrupt; LSUX (the least significant unit of X). 


LSUX 1s true when the least stgnificant unit of the X register j 
and CPU equals 00 or when the low-order 4 bits of the least sign 
untt of the X register equals 1001 (nine) and CPU ts equal to 01 
If CPU equals 10, LSUX ts undefined, 


sal 
If icant 
or 11. 


Figure 3-16. - XYST Register 


FOUR=B.1 RITHMETIC AND -B. | 
The 4-bit arithmetic and cambinatorial section of the processor is used 
to generate most of the normally used functions between two 4A-bit ap- 
erands and can accept as an input the contents of any one of the fal- 
lowing 4-bit registers. A second input is. obtained from the Four-Bit 
Manipulate micro=instruction itself, 


TA TB TC TD TE TF 
LA LB LC LD LE LF 
FU FT FLC FLD FLE FLF 
CA CB cc CD TOPM 


BICN XYCN XYST FLCN INCN 


It has as possible results most of the functions between two operands. 
These includes: SET, AND, OR, EXCLUSIVE=-OR, binary modulo 16 sum, -and 
binary modulo 16 difference fuhctiion’s. The results may only be di- 
rected to the same register which acted as the source. The sum and 
difference results can be tested for overflow and underflow, 
respectively. 


The BICN, -XYCN, -XYST, FLCN, and INCN registers are available as source 
registers only. 


The 4=b.it combinatorial section also provides for the selective testing 
of any of the bits within the 4-b.it registers and relative branching 
based on the results of the test (BiteTest-Branch micrno-instruction). 
The Skip When micro-instruction also tests any combination of bits, -up 
to four, and brahchHes on the result. 


N ; ,LSTE 

he INCN register (figure 3-16) is a A-bit register which cantains the 
interrupt conditions of particular interface lines between the pro- 
cessor and port interchange. 


PORT PORT PORT 
MISSING HIGH PRIORITY INTERRUPT | PORT LOCKOUT 


DEVICE INTERRUPT (NORMAL) 


Figure 3-16. - INCN Register 


Listed in table 3-1 is a summary of the various 4-bjit conditions which 
are available to the micro-programmer. - (Refer to table .1-3 for the 
registers and fuhctiions in the calumn-row matrix.) 


ZOO-SSTLSOT NOd 
£Q €L/87/6 Pastaoy 


6T-€ 


LSUY 

MSBX 

LSUX 

FL=SFL 

Port 

device missing 
Unassigned 
Memory parity 
error interrupt 


4-Bit Conditions 


CYF 

X=Y 

INT 

FLO>SFL 

Port 

high priority 
Timer interrupt 
Memory 

Wr ite/Swap 
memory address 
out-af-bounds 
override 


CYD 

X<Y 

Y40 

FL<SFL 

Port interrupt 


I/O interrupt 
Memory 

Read address 
out-af -bounds 
interrupt 


CYL 
X>Y 
X#0 
FLZ0O 
Port lockout 


Console interrupt 
Memory 

Wr ite/ Swap 
address 

out-of -bounds 
interrupt 


SECTION 4 
MICRO=INSTRUCTIONS 


GENERAL. - 


Micno-instructiion routines. can be related to read-only memories of past 
systems that. contain a hard set of microsprograms which control most of - 
the action taken by the procéssof. - Becduse read-only memories are ex . 
pensive and diffiicult to. change once a system has been designed for a 
certain environment, -it is, -in most. cases, destined to stay suited for 
that environment, - 


With the advent of Read/Write control memories and micno-programming 
techniques, Burroughs Corporation now provides the ability to change 
the system architecture to whatever is desired. - By. changing. the micro= . 
program (interpreter-), a system efficient in COBOL can be. changed to a 
system efficient in FORTRAN, - 


MICRO=}INSTR Q 

All micrio-instructlions are 16 bits in length and are placed in the M 

: register (micro-instruction) for execution. : The M register (figure 
4-1) is 16 bits long and is divided into four Aebit sections which are 
not addressable as individual. registers, - 


M REGISTER BIT NUMBER 


16 BITS 


Figure 4-1..-M Register 


| The microeinstructiions are referred to by name and hexadeciimal value 
within the speciflic iportion of the M registet. - For example, -the Reg- . 
ister Move micrnoeinstruction has a hexadecimal value of 1 in the first 
Aeb.it portion of the M register; the micro in machine code for a Rege . 
ister Move is .: The Halt micrno-instructiion has a hexadecimal value of 
1 in the last 4-b.it portion of the M register; the micro in machine 

/ cdde for a Halt. command jis 00017. : The other portions of the M register 
(if not part of machine code) are used for the selecttion of source and 
destination register and also for any variants associated with the 
respective micno-cdmmands., - 


Source and destination register selectiion and other variables are 
determined by the hexadecimal value placed in the remaining 4-bit 
secttiion’s. - For the Register Move command, -these hexadecimal values 
point to the desired register as shown in table 4-1. - If ‘the hexae . 
deciimal value in the secdnd 4-bit portion is equal to a 1100 (row C) 
and the mostes.ignifiicant two bits of the third 4-bit portion are 
equal to 01 (cdlumn 1-), -XYCN is selected as the source register for 
the Register Move micro-instruction. 


Table 4e1 


Register Select’ Switch 
Column=-Row Matrix 


Column 1 Column 2 Column 3 


0 SUM 
1 CMP X 
2 CMP Y 
3 XANY 
in XEOY 
5 MSKX 
6 MSKY 
7 XORY 
8 TOPM{ #2 ) DIFF 
9 Reserved MAXS 
A Reserved MA XM 
B Reserved U 

C XYCN MBR(*2) 
D XYST MSM( *2) DATA 
E INCN( #2) Console READ CMND 
F CPU Console WRIT NULL 


REGL 

The fuhction of this microeinstructiion (f igure 4-2) is to move the cane 
tents of the source register to the destination register. If the move 
is between registers of unequal lengths, the data is right justified 
with left zero bits supplied or with data truncated from the lef-t, 
whichever is appropriate. The source register is unaffected unless it 
is also the destination. 


MSM and CPU are excluded as sourced registers. 

When M is used as a destination register, the operation is changed to a 
BiteOR which modifies the next micro-instructiion to be executed, - It 
does not modify the microeinstruction as stored in memory. 

BICN, FLCN, XYCN, XYST, and INCN are excluded as destination register’s. 


MSM is not available as a destination register in STEP and RUN mode. 
It is permitted as a destination register in TAPE mode only. 


2 Not available on B 1710 Systems 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


DESTINATION 
REGISTER ROW 
0-F 


DESTINATION 
REGISTER 
COLUMN 0-3 


SOURCE 
REGISTER 
COLUMN 0-3 


SOURCE 
REGISTER 
ROW 0-F 


Figure 4<2. Register Move (1NNN) 


The U register is excluded as a source register jn STEP and, TAPE mode 
but is permitted as a source register in the RUN mode. 


All registers and pseudo registers jin column select three are excluded 
as destination registers excapt MBR, -CMND, and DATA. 


When CMND or DATA is designated as a source register, -CMND and DATA are 
prohibited from being destination register’. 


SCRATCHPAD MOVE (2NNN)« 


The funhctiion of this micno-instruction (figure 4-3.) is to move the can- 
tents of either scrnatchpad memory to the selected register or the can- 
tents of the selected register to Scratchpad memory as designated by 
the micro-instruction. The contents of the source register/scratchpad 
word is uhchanged by the move, 


MSM, U, and CPU are excluded as source registers. 
When M is used as a destination register, -the operation is changed to a 


Bi.t-OR which modiffes the next microinstruction to be executed but 
does not modify the micno-instruction as stored in memory. 


had 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


| SCRATCHPAD WORD 


~ ADDRESS (0-F) 


SCRATCHPAD WORD 
0-LEFT WORD 
— (24 BITS) 
1-RIGHT WORD 
(24 BITS) 


DIRECTION 
— 0-TO SCRATCHPAD 
1-FROM SCRATCHPAD 


___ REGISTER SELECT 
COLUMN 0-3 


___ REGISTER GROUP 
ROW 0-F 


Figure 4-4. - Scratchpad Move (2NNN) 


BICN, FLCN, -XYCN, “XYST, -INCN, and MSM are excluded as destination 
registers.- 


All registers and pseudo registers jin column select’ three are excluded 
as destination registers except MBR, -CMND, -and DATA, - 


The function of this micto-Instruction (figure 4-4.) is to perform the 
Manipulate operation as specified by the micno-instruction variants on 
the addressed 4-bit register utilizing the literal specified in MF. - 


Only two’ cdlumns of. registers are available to the Four-Bjt. Manipulate 
micno-instriuction (cdlumns 0 and VV). - Bit seven. cdntains either a 0 or 
1 to enable selection of the registers in’ columns 0 or 1 as expressed 
in table 4-4. - 


Bits four through six designate the speciifiic loperation to be performed 
on the addressed register and its relationship with the 44-bit. literal 
expressed in bits zero through three. : The possible operations 
permitted by respective variant values are given beloe 


hak. 


010 


O11 


100 


101 


110 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


ae ir LITERAL (0-F) 


VARIANTS 000-111 


REGISTER COLUMN 
0OOR 1 


REGISTER ROW 
(0-F) 


Figure 4-4, Four-Bit Manipulate (3NNN) 


Operation 


Set the addressed register equal to the value of the 
literal. 


Set the addressed register to the logical AND of the 
addressed register and the literal. 


Set the addressed register to the logical OR of the 
addressed register and the litera’. 


Set the addressed register to the logical EXCLUSIVE OR 
of the addressed register and the literal. 


Set the addressed register to the binary sum of the 
addressed register and the literal. 


Set the addressed register to the binary difference of 
the addressed register and the literal. 


Set the addressed register to the binary sum of the 
addressed register and the literal, and skip the next 
micro-einstruction if a carry is produced. 


Set the addressed register to the binary difference of 


the addressed register and the literal, and skip the 
next micro-instruction if a borrow is produced. 


has 


BIT TEST BRANCH ON FALSE (4NNND. 


The function of this micro-sinstruction (figure 4-5) is to test the des- 
ignated bit (0-3) within the specified register and branch relative to 
the next instruction by the displacement magnitude value if the dis- 
placement sign bit is zero. If the displacement sign bit jis one, a 
displacement value of zero is assumed and the next microinstruction 

in line is executed. A displacement value indicates the number of 16- 
bit words from the next in-line micro-Instruction, This value may not 
exceed 15 (hexadecimal F’). 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


| LITERAL, RELATIVE 
————_—- DISPLACEMENT 
MAGNITUDE (0-F) 
DISPLACEMENT SIGN 
————— 0 — POSITIVE 
1 — NEGATIVE 
REGISTER BIT TO BE 
—————— TESTED 0-3 IN THE 


ADDRESSED REGISTER 


REGISTER COLUMN 
OOR 1 


REGISTER ROW 
0-F 


Figure 4-5, Bit Test/Branch 
on False (4NNN) 


Only the 4-bit registers shown in columns O and 1 in table 4-1 may be 
used as the addressed register on which this micro-instruction may 
act. 


BIT TEST/BRANCH ON TRUE (SNNN), 


The function of this micro-instruction (figure 4-6) is to test the des- 
ignated bit (0-3) within the specified register and branch relative to 
the next instruction by the signed displacement value if the displace- 
ment sign bit Is one. If the displacement sign bit is zero, a dis- 


placement value of zero is assumed and control passes to the next ine 


a6 


Vine micro-instruction. a displacement value indicates the number of 
16-bit words (micro-instructions) from the next in-line micro- 
instruction. This value may not exceed 15 (hexadecimal F). 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


LITERAL DISPLACEMENT 
MAGNITUDE RELATIVE 
0-F 


DISPLACEMENT SIGN 
0 — POSITIVE 
1 — NEGATIVE 


REGISTER BIT TO BE 
TESTED 0-3 IN THE 
ADDRESSED REGISTER 


REGISTER COLUMN 
OOR 1 


REGISTER ROW 
(0-F) 


Figure 4-6. Bit Test/Branch 
on True (5NNN) 


Only the 4-bit registers shown in columns O and 1 In table 4-1 may be 
used as the addressed register on which this micro-instruction may act. 


P NN 
The function of this microeinstruction (figure 4-7) is to test only 
the bits In the designated register that are referenced by the 1 bits 
in the mask contained in the micro-instruction, to ignore all others, 
and to perform the action as specified by the variants. 


The possible actions which may be specified by the 3-bit variant 
field are as follows. 
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Varlant 


000 


001 


010 


011 


100 


101 


111 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


ne 
can ane MASK 0-F 


VARIANTS 0... .7 


REGISTER COLUMN 
OOR1 


_ REGISTER ROW 
OF 


Figure 4-7. Skip When (6NNN) 


Operation 


If any of the referenced bits are 1, skip the next 
micro-Instruction. 


If all the referenced bits are 1, skip the next 
micro-ftnstruction. 


If the register Is EQUAL to the mask, skip the 
next microeInstruction. 


If all the referenced bits are 1, skip the next 
micro«Instruction and CLEAR the referenced bits 
to zero. 


If any of the referenced bits are 1, do not skip 
the next microeInstruction. 


If all the referenced blts are 1, do not skip the 
next microeinstruction. 


If the register ts EQUAL to the mask, do not skip 
the next micro-(tnstruction. 


If all the referenced bits are 1, do not skip 
the next micro-Instructtion; and clear the 
referenced bits to zero. 


NOTE 
If the mask equals 0000,the (any) result 
is false. The skip is made if the varie- 
ant is a 001 or O11 but {fs not made for 
101 and 111. 


BICN, FLCN, XYCN, XYST, and INCN are 
excluded as operand registers when the 
variant fs equal to O11 or 117. 


Only the 4-bit registers shown in columns O and 1 tn table 4-1 may 
used as the addressed register on which this micro-instruction is t 
act. 


pee fo LTS MEMORY REND 
e function of this microsinstruction (figure 4-8) is to move the 


contents of the addressed register to the main memory location that 
is specified tn FA (fteld address register) or move the contents of 
the main memory location specified by FA to the addressed register, 
depending on the direction bit In the tnstruction. 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


| MAIN MEMORY FIELD 

LENGTH (0-23) 
FIELD DIRECTION 
O — POSITIVE 

1 — NEGATIVE 
ADDRESSED GENERAL 
PURPOSE REGISTER 
00-X REGISTER 
01-Y REGISTER 
10-T REGISTER 
11-L REGISTER 

$$$ —____—__—_—_— VARIANTS 


MOVE DIRECTION BIT 
0-TO REGISTER 
1-TO MEMORY 


Figure 4-8. Read/Write Memory (7NNN) 


be 
re) 


If the value specified in the main memory field length {is less than 24, 
the data from memory {fs right justified into the addressed register 
with leftemost zero bits supplied while data from the register is trun- 
cated from the left when placed into memory. Values above 24 in the 
field length are reserved. The contents of the source is unchanged, 


If the value of the main memory field length as given in the micro- 
instruction is zero, the value in the CPL portion of the C (control) 
register is utilized instead. 


The possible variant conditions are as follows: (FA = field address 
register and FL = fleld length register.) 


Variant Condition 
000 No incrementation 
001 Binarily increment FA (FAT) 
010 Binarily tnerement FL (FL4) 
O11 Binarily tncrement FA and decrement FL (FAt-FL4) 
100 Binarily decrement FA and increment FL (FAt-FL}4) 
101 Binarily decrement FA (FA) 
110 Binarily decrement FL (FL 4) 
111 Binarily decrement FA and FL (FAt-FL}) 
M B= (8N 


The function of this microstnstruction (figure 4-9) is to move the 8- 
bit literal contained in the microeinstruction to the destination reg- 
ister. If the move is between registers of unequal lengths, the data 
is right justified with left zero bits supplied. Only registers X, Y, 
T, Ls Ay BR, LR, FAs FB, FL, TAS, and CP can be specified. The reg- 
ister row number is assumed to be two. MSM can be specified as a 
destination in TAPE mode only. 


MOVE 24 A N 

The function of this micro-instruction (figure 4-10) ts to move the 2hbe- 
bit literal given jin the micro-sinstruction to the destination register. 
If the move is between registers of unequal lengths, the literal is 
truncated from the left. The leastesignificant 16 bits of the literal 
to be moved must be contained jin the next word. of memory following the 
Move 24-Bit Literal microeinstruction, 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


(00. . .255) 


DESTINATION 
REGISTER 

ROW 0-F 

REGISTER COLUMN 
2 IS ASSUMED 


Figure 4-9, Move 8-Bit Literal (8NNN) 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


1 0 0 1 ! 
| | 8 MOST-SIGNIFICANT 
—9 


BITS OF LITERAL 


DESTINATION 
REGISTER 

ROW 0-F 

REGISTER COLUMN 
2 1S ASSUMED 


Figure 4-10. Move 24-Bit Literal (9NNN) 


Only the registers X, Y, Ty Ly As BR, LR, FA, FB, FL, TAS, and CP can 
be specified. The register row number is assumed to be two. MSM (only 
permitted on B 1726) can be specified as a destination register in the 
TAPE mode only. 


NOTE 
The leastesignificant 16 bits of the 
literal are found automatically by bi- 
narily tnerementing the address (A) 
register by 16 (10000). 


SHIFT CANNN) 2 
The function of this microinstruction (figure 4-11) is to shift or ro- 


tate the T register left by the number of bits specified and then move 
the 24-bit result to the destination register. If the move is between 
registers of unequal lengths, the data is right justified with data 
truncated from the left. For the shift operation, zero fill on the 
right and truncation on the left occur. The contents of the source 
register is unchanged unless it {ts also the designated destination. 


M REGISTER 


0 M REGISTER BIT 
1 BIT VALUES 


N N N WN 

SHIFT/ROTATE 
COUNT 

1 TO 24 BITS 


SHIFT/ROTATE 
SPECIFIER 


0-SHIFT 
1-ROTATE 


DESTINATION 
REGISTER 
COLUMN 0-3 


DESTINATION 
-_—_———$____—————__—__———. REGISTER 
ROW 0-F 


Figure 4-11. Shift or Rotate T 
Register Left (ANNN) 


If the value of the shift/rotate count as given in the instruction is 
zero, the value given in CPL is used, 


When M is used as a destination register, the operation is changed to 
a Bit-OR which modifies the next micro-instruction to be executed but 
does not modify the micro-instruction as stored in control memory. 


BICN, FLCN, XYCN, XYST, INCN, and MSM are excluded as destination 
register’. 


EXTRACT FROM T REGISTER (BNNN), 


The function of this microinstruction (figure 4-12) is to rotate the 
Teregister left by the number of bits specified and then extract the 


he12 


number of bits specified and move the results to the destination reg- 
ister, If the extract bit count is less then 2h, the data is right 
justified with left zero bits supplied, The contents of the T reg- 
ister is unchanged unless it is also the designated destination, A 
rotate value of 24 is equivalent to zero, 


M REGISTER 


M REGISTER BIT 


BIT VALUES 


WIDTH OF 

-EXTRACTION 

FIELD 1 TO 
B 24 BITS 


DESTINATION 

REGISTER 

OO 
a CO] 

10 

i 


ou 
ri K x 


RIGHT BIT 
POINTER 
1 TO 24 bits 


Figure 4-12, Extract from T register (BNNN) 


If the right bit pointer value is equivalent to zero, the value ex- 
pressed in CPL is used instead, 


BRANCH, 


BRANCH FORWARD (CNNN), 

The function of this micro-instruction (figure 4-13) is to fetch the 
next micro-instruction from the location obtained by binarily adding 
the displacement value given in the micro-instruction to the address 
of the next in-line micro-instruction, The displacement value indi- 
cates the number of 16-bit words, 


BRANCH BACKWARD (DNNN). 

The function of this micro-instruction (figure 4-14) is to fetch the 
next micro-instruction from the location obtained by binarily sub- 
tracting the displacement value given in the micro-instruction from 
the address of the next in-line micro-instruction, The displacement 
value indicates the number of 16-bit words, 
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M REGISTER 


Oj} ™M REGISTER BIT 


(O)} BIT VALUES 


BINARY RELATIVE 
DISPLACEMENT 
VALUE O,, 4095 


Figure 4-13, Branch Forward (CNNN) 


M REGISTER 


BINARY RELATIVE 
DISPLACEMENT 
VALUE 

O15. 4095 


Figure 4-14, Branch Backward (DNNN) 


NOTE 
For both of the above micro-instructions 
the address of next in-line micro- 
instructions is determined by hardware 
by binarily incrementing the address (A) 
register by 16 (10000), 


CALL, 


CALL FORWARD (ENNN), 

The function of this micro-instruction is to push the address of the 
next in-line instruction into the ASTACK and then Fetch the next 
micro-=instruction from the location obtained by binarily adding the 
displacement value given in the micro-instruction to the address of 
the next in-line micro-instruction, The displacement value indicates 
the number of 16-bit words, 


4-14 


NOTE 
When the A address is stored in the A stack it 
is multiplied by 16 and stored as a bit address, 


M REGISTER 


BINARY RELATIVE 

E ADDRESS MAGNITUDE 
DISPLACEMENT 
VALUE 0...4095 


Figure 4-14A, Call Forward (ENNN) 


CALL REVERSE (FNNN), 

The function of this micro-instruction is to push the address of the 
next in-line instruction into the ASTACK and then fetch the next micro- 
instruction from the location obtained by binarily subtracting the 
displacement value given in the micro-instruction from the address of 
the next in-line micro-instruction, The displacement value indicates 


the number of 16-bit words, 
NOTE 


When the A address is stored in the A stack, it 
is multiplied by 16 and stored as a bit address, 


M REGISTER 


coer | dd 


M REGISTER BIT 


BIT VALUES 


BINARY RELATIVE 
ADDRESS MAGNITUDE 
DISPLACEMENT 
VALUE 0O...4095 


Figure 4-14B. Call Reverse (FNNN) 
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SWAP MEMORY (O2NN), 


The function of this micro-instruction (figure 4-15) is to swap up to 
24 bits of data from main memory with the data in the specified reg- 
ister, If the value of the main memory field specified is less than 
2 bits, the data from memory is right justified into the specified 
register with left zero bits supplied while the data from the register 
is truncated from the left as it is placed into memory, 


_M REGISTER 


M REGISTER BIT 


BIT VALUE 


| 02 | MEMORY FIELD 


LENGTH (0-24) 


FIELD DIRECTION 
O-POSITIVE 
1-NEGATIVE 


ADDRESSED 

GENERAL PURPOSE 
REGISTER 

-0O 
OL 
LO 
11 


eed ps 


Figure 4-15, Swap Memory (02NN) 


The field address register (FA) contains the address of the main memory 
location affected while the field direction sign and field length are 
given in the instruction, If the value of the main memory field length 
given in the instruction is zero, the value contained in CPL is used, 


NOTE 
This micro-instruction is available only 
on the B 1726 System, 


CLEAR REGISTER (03NN), 


The function of this micro-instruction (figure 4-16) is to clear the 
designated register to zero if its respective flag bit is set, Reg- 
isters not designated are unaffected, 


NOTE 
This micro-#instruction is available 
only on the B 1726 System, 


\ 
\ 
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M REGISTER 


iis CP REGISTER 
FU REGISTER 

FL REGISTER 

FA REGISTER 

X REGISTER 

———— =~ Y REGISTER 
annem T REGISTER 


»>L REGISTER 


Figure 4-16, Clear Register (0O3NN) 


SHIFT/ROTATE X OR Y (O4NN) . 


The function 
rotate the xX 
specified by 
If the value 
is Zero, the 


of this micro-instruction (figure 4-17) is to shift or 
or Y register either left or right by the number of bits 
the shift/rotate count portion of the micro-instruction, 
of the shift/rotate count given in the micro-instruction 
shift or rotate is determined by CPU as follows, 


Shift/Rotate Count 


1. at 

4 bits 

Undefined 

8 bits (not available on B 1710 Systems) 


M REGISTER 


O|M REGISTER BIT 


5 ¥[3 210 


BIT VALUE 


| | SHIFT /ROTATE 
O4 COUNT 1...24 


REGISTER 
SPECIFTER 
O-xX 

1-Y 


LEFT /RIGHT 
SPECIFIER 
O-LEFT 
1-RIGHT 


SHIFT /ROTATE 
SPECIFIER 
O-SHIFT 
1-ROTATE(*3) 


Figure 4-17. Shift/Rotate X or Y (O4NN) 


On the shift left the most-significant bits are truncated and zero 
bits occur on the right. . On the shift right the least-significant 
bits are truncated and zero bits occur on the left. 


SHIFT /ROTATE X AND Y (O5NN). 

The function of this micro-instruction(*3) (figure 4-18) is to 
concatenate the X and Y registers to become one 48-bit register 
/with the X register being the left-most or most-significant. The 
combined registers are either shifted or rotated left or right by 
the number of bits specified. If the shift/rotate count is zero, 
the amount to be shifted or rotated is determined by the contents 

of CPU as follows: 


CPU Shift/Rotate(*3) | 
OO 1 bit 
O1 4 bits 
10 Undefined 
11 8 bits (not available on B 1710 Systems) 
¥3 B 1726's allow SHIFT/ROTATE | 
B 1710's allow only SHIFT | 
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M REGISTER 


LS. 2 223: 2 M REGISTER BIT 


8 4 2 1 ) BIT VALUES 


ae | SHIFT/ROTATE BIT 


COUNT 0,,,48 


LEFT/RIGHT 
SPECIFIER 
O-LEFT 
1-RIGHT 


SHIFT /ROTATE 
SPECIFIER 
O-SHIFT 
1-ROTATE 


Figure 4-18, Shift/Rotate X and Y (O5NN) 


If the micro-instruction indicates a shift left operation, zero fills 
on the right and truncation on the left occur, For the shift right 
operation, zero fills on the left and truncation on the right occur, 


COUNT FA/FL (O6NN), 

The function of this micro-instruction (figure 4-19), depending on the 
variant field, is to binarily increment or decrement the designated 
register(s) by the value of the literal contained in the micro- 
instruction or by the value of CPL if the literal is zero, The field 
address (FA ) register and the field length (FL) register are the only 
two registers affected by this micro-instruction, Results of values 
of greater than 24 for FL are undefined, 


M REGISTER 


M REGISTER BIT 


BIT VALUES 


Tee (0-31) 


COUNT VARIANTS 


——— 06 


Figure 4-19, Count FA/FL (O6NN) 
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Neither overflow nor underflow of FA is detected, The value of FA may 
exceed its maximum value and wraparound, Overflow of FL is also not 
detected, The value of FL may exceed its maximum value and wraparound, 
Underflow of FL is detected and does not wraparound, in which case a 
binary value of zero is left in FL, 


The possible variant conditions are as follows, 
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Variant Condition 


000 No operation 

001 Binarily increment FA (FA?) 

010 Binarily increment FL (FL?#) 

011 Binarfly increment FA and decrement FL (FAt-FLY) 
100 Binartly decrement FA and Increment FL (FAt-FL#) 
101 Binarily decrement FA (FA}) 

110 Binarily decrement FL (FL#) 

111 Binarily decrement FA and FL (FAt-FLt) 


EXCH OZN 

The function of this micro-tnstruction (figure 4-20) is to move the 48 
bits of the field (F) definition register to a holding register (refer 
to note) and then move 48 bits from a source register in scratchpad 

to the F register. After this is accomplished the 48 bits are taken 
from the holding register and placed into the specified destination 
register in scratchpad. A doublepad word is equal to 48 bits of 
scratchpad memory. 


M REGISTER - 


M REGISTER BIT 


BIT VALUES 

Peete 07 | SOURCE 48-BIT 
SCRATCHPAD WORD 
(0-F) 


DESTINATION 48-BIT 
SCRATCHPAD WORD 
(0-F) 


Figure 4-20. Exchange Doublepad Word (07NN) 


NOTE 
The holding register is imbedded jin the 
hardware. It is not specified within 
the microeinstruction and is not access- 
ible to the micro-sprogrammer. 


R NN). 

This micro-instruction (figure 4-21), depending on the sign of opera- 
tion, binarily adds or subtracts the contents of the left half of the 
addressed portion of scratchpad memory (scratchpad locations SOOA 


Revised 9/28/73 by 
PCN 1057155-002 al 9 


through S15A) to/from the contents of the 24-bit field address (FA) 
register, and places the results in FA. 


M REGISTER 


1 0 M REGISTER BIT 
2 1 BIT VALUES 
N oN 


LEFT SCRATCHPAD 
WORD ADDRESS 
0-F 


SIGN OF OPERATION 
0-ADDITION 
1-SUBTRACTION 


RESERVED 
Figure 4-21. Scratchpad Relate FA (O8NN) 


HMONTTOR ( OONN), 

This micro-=tnstruction (figure 4-22) skips to the next sequential tn- 
struction, Execution of this instruction brings a level to the backe- 
plane. The efght, least-significant bits (0 thru 7) of the fh Kegister 
may be monitored concurrently, Also, the two, least-significant bits 
of the micro-instruction are decdded; and one of four levels {s brought 
to the backplane on the B 1720 sertes, : 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


| IF ANY COMBINATION, 


THE LEVEL COMES TRUE 


RESERVED 


Figure 4-22. Monitor (O9NN) 


OO2N). 
The function of this microeinstruction (figure 4-23) is to control 
the cassette tape movement. 


4-20 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


ee 002 assets 


VARIANTS (000-11 1) 

000—START TAPE 

001—STOP TAPE 

010—STOP TAPE IF 
X#Y 

011-111 — RESERVED 


Figure 4*23., Cassette Control (002N) 


All tape stop variants cause the cassette tape to halt in the next 
available tape gap, not immediately. If the processor is jin the 
TAPE mode and a stop tape cassette condition occurs, the processor 
also halts. 


O3N) . 
The function of this micro=instruction (figure 4=#24) js to set the CPU 
register to the value of 1, 3, or O depending on whether the value of 
the field unit (FU) portion of the F register is equal to 4, 8, or 
any other value O-F, respectively. 


M REGISTER 


Les TEST 
1—TEST CPL RESULT 
VARIANTS 000-111 


Figure 4-24, Bias (003N) 


Depending on the variants the value of CPL is set to the value denoted 
or to the smallest of the values listed below. 
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000 FY 

00} 24 or FL 

0109 24 or SFL 

01) 24 or FL or SFL 
1090 CPL 

104 24h or CPL or FL 
110 CPL 

111 CPL 


When the variant field is equal to 010, the value of CPU is determined > 
by SFU instead of FU. SFU is contained in the first four bits of 
scratchpad word SOOB. If the test flag is equal to 1 and CPL is not 
equal to zero, the next micro-instruction is skipped. 


STORE F IN DOUBLEPAD WORD (OO4ND, 

The function of this micro-Instruction (figure 4-25) is to store the 
contents of the F register (FA portion = 24 bits and FB portion = 24 
bits) in the designated scratchpad word. FA goes to the left half 
(A) of the scratchpad word and FB to the right half (B) of the 
scratchpad word. 


M REGISTER 
M REGISTER 
BIT VALUES 
eee 004 | SCRATCHPAD 
DOUBLE WORD 
ADDRESS 


Figure 4-25. Store F into Doublepad 
Word (OO4N) 


NOTE 
This micro-instruction is available only 
on the B 1726 System. 


LO 


The function of this microeinstruction (figure 4-26) is to move all 48 
bits of the designated scratchpad word to the F registef. The left 
half (A) of the doublepad word is placed into the FA portion of the F 


register, and the right half (B) of the doublepad word is placed in the 


he22 


FB portion of the F register. 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


SCRATCHPAD 
DOUBLE WORD 
ADDRESS 


Figure 4-26. Load F from Doublepad 
Word (005N) 


NOTE 
This micro-instruction Is available only 
on the B 1726 System. 


S) N 
he function of this microsinstruction (figure 4-27) is to set CYF 
(carry flip-flop) as specified by the variant. 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


Figure 4-27. Set CYF (006N) 


The available variants are represented below; all others are reserved, 


Variant Action 
0001 Set CYF to 0. 
0010 Set CYF to lI. 
0100 Set CYF to CYL (carry total for sums). 
1000 Set CYF to CYD (carry borrow from difference). 
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CYL is generated under control of the length jn CPL, and CYF is an 
input to the arithmetic logic along with the X and Y registers. 


HALT (00019. 


The function of this microeinstruction (figure 4-28) is to halt the 
sequence of executable micro-instruction’s. 


M REGISTER 


1 0 M REGISTER BIT 
2 1 BIT VALUES 


i) ae 


Figure 4-28. Halt (0001) 


The system halts with the next jneline micro-instruction in the M 
register and the address of the second in-line micro-instruction in 
the address (A) registersS. Whatever register {is pointed to by the 
console controls is displayed on the register display light’. 


OVERLAY N M 

The function of this micro-einstruction (figure 4-29) is to overlay 
control memory from main memory. This is desired because of faster 
micro-instruction execution time in control memory. 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


0002 


Figure 4-29, Overlay Control Memory (0002) 


The address for data from main memory is obtained from the field 
address (FA) register, and the address where data is to be placed 

into control memory is contained in the L register. The length of 

the data overlay bits is taken from the FL register, and overlaying 
occurs until FL=0 or the maximum amount of control memory is exceeded. 


he 2h 


The execution of the micro-instructions proceeds as follows: 
@e A ts moved to TA‘. 
b. L is moved to 4. 


Cc. The first 16 bits are read from main memory and stored in 
control memor’y. Register FL is decremented by 16 bits, 
FA incremented by 16 bits, and A incremented by one word. 


d. Step c is repeated until one of the two above mentioned 
ending conditions are met. 


NOTE 
This instruction ts available only on 
the B 1726 System, 


NORMALIZE xX 3 

The function of this micro-instruction (figure 4=+30) is to shift the X 
register left while counting FL down until FL is equal to zero or the 
bit in X which js referenced by CPL is equal to one. Zero bits are 
shifted into the leastesignificant end of X during the shift operation. 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


Figure 4-30. Normalize X (0003) 


If CPL {is equal to 1, the leastesignificant bits of X are referenced; 
if CPL is equal to 24, the mostesignificant bits of X are referenced, 


N PER ON 
The function of this microeinstruction (figure 4-31) is to reserve 16 
bits of memory (the length of one micro-instruction) and to utilize one 


machine cycle. 


When this micro-instruction is encountered, a fal.Jethrough to the next 
sequential microsinstruction occur’s. 


425 


M REGISTER 


M REGISTER BIT 
BIT VALUES 


0000 


Figure 4-31. No Operation (0000) 
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SECTION 5 


B 1726 I/O SUBSYSTEM 


GENERAL, 

The 1/0 subsystem on the B 1726 System is designed to enhance simul- 
taneity of I/O operation, The MCP creates the various I/O descriptors 
and sends an interrupt message to the desired I/0 controller, At the 
completion of the I/O event, either normal or abnormal, the T/O con- 
troller returns the result descriptor which contains descriptive infor- 
mation concerning the t/O operation just completed, Immediately fol- 
lowing the result descriptor there may exist the address (link) of 
another t/0 descriptor which is initiated by the MCP, This provides 
for chaining of I/O's, 


I/O COMPONENTS, 
The I/O subsystem has an ordered relationship among its components, 


From peripheral device to main memory the order is as follows, A 
peripheral device (disk cartridge, printer, etc,) interfaces and is 
controlled by an I/O controller which interfaces to the processor, 
Up to eight I/O controllers may interface with the processor which 
is connected to main memory, (See figure 5-1.) 


DISK 
CARTRIDGE 


DISK 
CARTRIDGE 


I/O 
CONTROLLER 


ESS Sa 


1/o 


CONTROLLER | 


CONTRO 
PROCESSOR MEMORY 
PROCESSOR 
MAIN cetore 
MEMORY 
ss sheet ite tees aos 
B 1712/B 1714 B 1726 


Figure 5-1, 1/0 Subsystem 


IfO CONTROLLERS, 


The peripheral T/O controllers are physically separate, logically inde- 
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pendent devices, The peripheral side of each T/O controller is unique 
for each type of device, 


Each t/oO controller is a special-purpose device specifically designed 
to interface one type of peripheral to the system, In most cases an 
t/o controller interfaces to a single device; ina few cases a single 
I/O controller interfaces with two or more identical devices on a 
time-shared basis (i.e., serial disk drives or serial tape drives), 

I/O controllers have individual hardware buffers to aid in simultaneity 
of I/0 operations, 


I/O CONTROLLER FUNCTIONS, 


The functions performed by an 1/o controller are to accept an T/O 
descriptor from the processor and to determine if it is a valid T/O 
descriptor, In the case of an invalid 1/O descriptor an appropriate 
result descriptor is returned, Otherwise, the controller signals the 
processor that it is now ready to receive data, Hardware translation 
between the peripheral data codes and the internal memory code is 
performed by the 1/0 controller (2,6, BCL card code to EBCDIC), 


At the conclusion of an I/O operation the T/O controller returns a 
result descriptor to the processor, 


SECTION 6 


I/O DESCRIPTORS 


GENERAL 

The purpose of input/output descriptors is to communicate control in- 
formation to the various I/0 controllers which perform the desired 
operation on the periphera’l. 


1/0 DESCRIPTOR FORMAT. 

Each 1/70 descriptor (figure 6-1) consists of a series of 24-bit fields. 
The number of these 24—bit fields varies with the peripheral to which 
the I1/0 descriptor is directed. These differences are explained in 
section 7. 


Tepe >*lalel= 


= eee” 
RESULT STATUS 


AREA 


Figure 6-1. I/0 Descriptor Format 


The fields shown above are each 24 bits. The maximum size of any I/0 
descriptor is 168 bits; the minimum size is 96 bit’. Fields A, B, and 
C may be omitted depending on the I/0 descriptor initiated and the 
peripheral involved. The various fields are defined in the following 
paragraphs. 


RESULT STATUS AREA. 

The result status area (RSA) consists of two 24-bit fields: the actual 
ending address (AEA), which jis the ending binary address + 1 of the 
last data bit affected by the operation; and a 24-bit result descriptor 
(RD), which indicates the status of the just terminated I/0 operation. 
The RSA is returned by the I/0 controller at the completion of each 

1/0 operation. 


LINK. 

The LINK field contains an address which points to the beginning ade- 
dress of a result descriptor which jis contained in the next desired 

1/0 descriptor. Linking is further explained later in this section. 


OP. 
The operation (OP) field contains the desired I/0 command and its 


variants, 


A. 
The A field contains the beginning binary address of the input/output 


main memory area. 


B. 
The B field contains the ending binary address + 1 of the input/output 
main memory area, 


C s 
The C field is used in conjunction with disk I/0's only and contains 
the absolute binary disk addres’. 


4 


The ability to link or chain together I/0 descriptors provides for 
maximum utilization of the processor and peripheral devices. Shown 
in figure 6-2 is a sample chain of 1/0 descriptors which are created 
by the MCP because a user program has requested three output print 
buffer’s. 


cece 
| AEA, | RD, | LINK, | os | a | 8 | 
| AEA, | RD, | LINK, | oF. | a2 | ® | 
| AEA, | RD. LINK, OP. as | 8s | 


Figure 6-2. Sample Chain of 
1/0 Descriptors 


LINK=subl contains the address of RD-sub2, LINK-sub2 contains the ad- 
dress of RD=-sub3, and LINK=sub3 contains the address of RD-sub1l. This 
forms a continuous chain of I/0 descriptors, one associated with each 
of the requested buffer’s. 


The address provided to the 1/0 controller by the processor contains 
the address of RD-sub1. This action locks in the particular I/0 con- 
troller and device to the proper chatn of 1/0 descriptor’s. At the ad- 
dress provided, the I/O-complete bit of that result descriptor is 
examined; if it is a zero, the I/0 descriptor {s executed and a re- 
sult descriptor {ts returned to location RD-subl. If no exception con- 
dition has occurred, the I/0 descriptor pointed to by LINK=sub2 is 
executed, and so on, thus providing a continuous chain of 1/0 descrip- 
tors. If the I/Oecomplete bit is set to one when examined, a pause 

of a specified number of milliseconds occurs and re-examination of 

the 1/0 complete=bit occur’. The I/O-complete continues to be examined 
until it becomes zero; in this manner execution of the I/0 descrtptors 
is under MCP control. The MCP can get ahead of the actual execution of 
the I/0 descriptors; that is, the MCP may be releasing buffers faster 
than the I/0 descriptors can be executed, The I/0 controllers can 
never get ahead of the MCP because each 1/0 controller remains locked 


6=2 


to each I/O descriptor until the t/O is complete, A stop I/O des- 
criptor is provided by which any 1/o controller may be stopped from 
executing an 1/0 descriptor, If an error condition occurs on any 
given t/O operation, that particular chain is broken and the MCP 

is notified, 


This process is completely under control of the MCP, The MCP examines 
the I/O-complete bits and performs the above operation, 


DISK FILE AND DISK PACK CHATINING OPERATION, 

Since disk I/O descriptors all contain an absolute disk address 
there is no danger of an operation being performed out of logical 
sequence as long as the controller does not attempt to execute a 
descriptor that is already complete, Also, since disk addresses 
may be in the chain for many different programs and files, the con- 
troller must not wait for any given descriptor to be released, On 
discovering an I/O descriptor that is already complete, the control 
must proceed to the next T/oO descriptor immediately, 


As a consequence of this mode of operation, the controller could 
conceivably be continually searching the same chain of r/o descrip- 
tors for one that is executable and therefore could be using all 
available memory accesses, For this reason, the test/pause T/O 
descriptor has been implemented, 


In summary, once a disk file is opened and its descriptors are link- 
ed into the subsystem chain, they may or may not be executable de- 
pending on the setting of the t/o- complete bit in the result des- 
criptor, which in turn is dependent on the read, write, and seek in- 
structions in the object program, 


MAGNETIC TAPE OPERATION, 

Because of the serial nature of magnetic tape operation, it is slight- 
ly more complex than that of disk, There is one chain oF T/O descrip- 
tors for the entire tape subsystem, Similar to the disk operation pre- 
viously described, The descriptors must, however, be executed in lo- 

gical sequence, To accomplish this, the lock descriptor has been im- 

plemented in the tape controls only, 


The lock descriptor contains three link fields, as shown in figure 6-3. 


There is one lock descriptor in the subsystem chain for each tape unit 
in the system, All I/O descriptors for that unit are linked, directly 
or indirectly, from the lock descriptor for the unit, LINK-A of the 
lock descriptor always contains the memory address of the lock descrip= 
tor for the next unit in the subsystem or the address of a pause de- 
scriptor, There is one pause descriptor for the entire subsystem, 
LINK-B of the lock descriptor always contains the memory address of the 
first, physical 1/6 descriptor for the unit, This field is initialized 
by the MCP when the file is opened, LINK-C contains the memory address 
of the logically next T/O descriptor to be executed on the unit, LINK- 
C is initialized by the MCP but is maintained by the magnetic tape 
controller, 
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STOP I/O DESCRIPTOR, 
All I/O controllers are capable of receiving and recognizing a stop 


I/O descriptor, When this descriptor is received, the I/O controller 
stops operation and idles, The main use of this descriptor is to allow 
the MCP the ability to terminate a chaining operation, 


The format for a stop I/o descriptor is shown in figure 6-4, 


t 
} 
| 


| 


LOCK DESCRIPTOR 


LINKA ALWAYS POINTS TO NEXT LOCK DESCRIPTOR 
LINKB ALWAYS POINTS TO FIRST NON-LOCK DESCRIPTOR, 
LINKC ALWAYS POINTS TO CURRENT NON-jLOCK DESCRIPTOR, 


Figure 6-3. Typical Magnetic Tape Chain 


RRRRRRRRRRRRRRRRRRRRR 


3 BITS 21 BITS 


VVV = 111 - STOP I/O COMMAND 
R = RESERVED 


Figure 6-4. Stop I/O Descriptor 


DISPATCH OF I/O DESCRIPTORS, 


The Dispatch operation is used to send the address of an 1/O descrip- 


tor to a device on an I/O port, Information is also received from 
the I/O port via this operation, 
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SECTION 7 
INPUT/OUTPUT CONTROLLERS 


GENERAL, 

This section describes the 1/0 controllers which may be connected to 
the B 1700 series of computer’. All input/output operations are ini- 
tiated but not executed by the processor. The execution of any speci- 
fied 1/0 operation is accomplished by the respective I/0 controller's. 
The 1/0 operation may be executed simultaneously with a processor op- 
eration or other previously initiated 1/0 operations. The type of 1/0 
operation is determined by an 1/0 descriptor that is transferred to the 
1/0 controller. At the conclusion of an I/0 operation, a result de- 
scriptor that specifies any exception conditions and other pertinent 
information is returned by the 1/0 controller. All 1/0's are initiated 
by the Burroughs Master Control Program. 


CARD A CON 

The card read 1/0 controller executes the card reader as initiated by 
the MCP. It reads data into ascending memory locations beginning with 
the location specified by the A address. 


CARD READ DESCRIPTOR (EBCDIC). 

This I/0 descriptor controller (figure 7-1) is capable of translating 
the standard EBCDIC card code into the jinternal 8-bit EBCDIC code, 

When reading EBCDIC, 256 cardehole combinations are valid. All invalid 
combinations are translated to the ? character. The card is read into 
ascending memory locations beginning with the location specified by the 
A address and continuing to, but not including, ‘the terminal location 
specified by the B address. The contents of each card column occupies 
one 8=bit character position in memory. Reading is also terminated 
after 80 columns of information have been transferred to main memory. 


3 BITS 1 20 BITS 24 BITS 24 BITS 
Figure 7-1, Card Read 1/0 Descriptor 


Referring to figure 7-1: 


@e VVV = 000 = card read operation code. 
be. T = 0 = card read EBCDIC. 

c. T = 1. + card read binary. 

d. R = reserved. 

e. A = beginning address of data, 

fF. B = ending address of data + 1, 


CARD READ DESCRIPTOR (BINARY). 

The card read controller is also capable of a binary read operation in 
which each hole in a card column is interpreted as a one bit and each 
noan-hole js interpreted as a zero bit. The binary card image is stored 
in ascending memory locations beginning at the locations specified by 
the A address continuing until, but not into, the end location speci-= 
fied by the B address, or until 80 columns of information have been 


J=\ 


read, whichever occurs first. Each column jis stored as 12 bits of data. 
in main memory. (See figure 7-1.) 


CARD TEST. 

This I/0 descriptor (figure 7-2) returns a result descriptor indicating 
that the test operation has been completed and the card reader is ready 
(operation complete) or the reader is not ready (operation not. complete 
af exception). The test result descriptor also contains the controller 
ID. 


VVV TT | RRRRRRRRRRRRRRRRRRR | 
3 BITS 2 19 BITS 


~~] 


Figure 7-2. Card Read Test Descriptor 


Referring to figure 7-2: 


ae VVV = 100 = test card reader and controller. 


b. TT = 00 = result store immediately. 
ce. TT = 10 = result jis delayed until card reader is ready. 
d. TT = Ol. = result is stored when card reader is not ready. 


ee. R = reserved, 


CARD READ RESULT DESCRIPTOR. 
At the completion of a card read operation, the controller returns 
a result descriptor which is described as follows: 


ae Bit Q - [1/0 complete. 

b. Bit 1. = exception condition (any bit on tn bits 3-16). 
ce. Bit 2 = not ready. 

d. Bit 3 ¢ validity error, 

e. Bit 4& = memory access error. 

f. Bit 5 = reserved. 

ge Bit 6 = read check. 


h. Bits 7-16 = reserved. 
ie Bits 17-23 = controller ID = 0101010 (test 1/0 only). 


CARD PUNCH eR ULE , ; 
card punc controller executes card punch I/0 descriptors 


and punches data from ascending memory locations beginning at the 
location specified by the A address of the operand until 80 columns 
of Information are punched, It allows EBCDIC card punch operation 
and a binary punch operation. 


D2 


Information is transferred to the punch biteserially for each punch 
position, with 12 separate &80=bit transfers being required to punch 
a card. Transfer of a given row to the punch consists of 40 memory 
accesses, obtaining punch information for two columns per access. 
The number of memory accesses required to punch a card is 480. A 
full card {is always punched, The source program need not be 

concerned with the transfer of data to the punch. 


The controller provides a punch echo check which checks if fewer 

than 80 data bits are received for each row or if fewer than 12 

row cycles are counted. It also checks whether the number of punched 
holes agrees with the number of bits in the original data received 

by the 1/0 control unit. 

CARD PUNCH DESCRIPTOR (BINARY). 

A card is punched from ascending main memory locations beginning with 
the location specified by the A address (see figure 7#3). Punching ts 


terminated after the punching of 80 columns, where each hole in A to 
be punched in a card column is represented by a one bit in memory, 


VVV ss RRRRRRRRRRRRRRRRRR 
24 BITS 


3 BITS 1 2 BITS 18 BITS 


Figure 7-3. Card Punch 1/0 Descriptor 


Referring to figure 7-33 


ae VVV = 010 - card punch operation command. 
be. 7T = 0 = card punch EBCDIC. 

ce T = 1. = card punch binary. 

d. SS = 00 = normal stacker, 

ee SS = O1 - auxiliary stacker. 

f. SS = 10 = error stacker. 

ge R reserved, 


he A = beginning address of data. 


CARD PUNCH DESCRIPTOR (EBCDIC). 

A card is punched from ascending main memory locatlons beginning with 
the address specified in A (see figure 7-3). One column jis punched for 
each EBCDIC memory character and 80 columns are always punched, 


CARD PUNCH TEST DESCRIPTOR. 

The card punch and card punch controller are tested, -and a result 
descriptor containing the controller ID number is returned (see 
figure 7-4), 


VVV T RRRRRRRRRRRRRRRARRRR | 
20 BITS 


3 BITS 1 


Figure 7-4. Card Punch Test Descriptor 


Referring to figure 7-4: 


ae VVV = 100 = test the card punch and controller. 


be. T=0 <= the result is stored immediately. 
cS. - T= 1 = the result is delayed until the reader is ready. 
d.-R = reserved. 


CARD PUNCH RESULT DESCRIPTOR. 

At the completion of an I/0 operation the I/0 controller retains a 
result descriptor, for the just-completed 1/0, in the second 24 bits 
of the result status area, The result descriptor information for 


the card punch js as follows: 


a. Bit Q = I/0 complete, 

b.- Bit 1 = exception condition (any bit on in bits .3-16). 

c.: Bit 2 = not ready. 

d.- Bit 3. = punch check error. 

e. - Bit & = memory access error. 

Ff. - Bit 5 - memory parity error. 

ge Bits 6-16. - reserved. 

he. - Bits 17=23 - controller ID = 0000100 (test 1/0 only’). 
PAP A 


This controller stores one 8=bit character of data per memory cycle. 
If the number of characters specified is not read, ‘spaced, or backe- 
spaced becduse of termination by the reader, the short record bit (bit 
9 of the result descriptor) is set. If the termination is caused by 
the end-of-=tape or beginningeof-tape reflective strip, the appropriate 
EOT or BOT is set tin the result descriptor. 


PAPER TAPE READ DESCRIPTOR, 
A record is read from the paper tape reader into ascending memory locae- 


tions beginning at the location specified by the A address and contin- 
uing to, but not into, the address specified by the B address (see 
figure 7-5‘). If the T (type) variant of the read 1/0 contains a zero, 
eight bits received from tne reader are transferred to memory via a 
BCL/EBCDIC translator. If the T variant contains a one, no translation 
occurs and eight bits received from the reader are transferred to 


memory. 
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= T RRRRRRRRRRRRRRRRRRRR | 
3 BITS 1 20 BITS 24 BITS 24 BITS 
Figure 7-5. Paper Tape Read, Space, -and 
Backspace 1/0 Descriptor 


Referring to figure 7#53 


ae VVV = 000 = paper tape read operation command. 
b. VVV = 101. = paper tape space, 
ce VVV = 110 - paper tape backspace. 
de. T = Q = translate BCL to EBCDIC and check for odd parity. 
ee T = 1 = no translation and check for even parity. | 
f. R = reserved for unit address. 
ge A = beginning address of data. 
- 6B = ending address of data + 1. 


PAPER TAPE SPACE DESCRIPTOR. 

The paper tape {Is spaced forward the number of characters specified 
unless stopped by an end-of-tape condition. The number of characters 
is specified by the difference between the A and B addresses of the 
1/0 descriptor. (figure 7-5), | 


PAPER TAPE BACKSPACE DESCRIPTOR, 

The paper tape {s spaced backward the number of characters specified 
unless stopped by a beginning-af-tape condition. The number of chare- 
acters is specified by the difference between the A and B addresses 
of the 1/0 descriptor (figure 7-5). 


PAPER TAPE REWIND 1/0 DESCRIPTOR. 


The paper tape is rewound to the beginning-of-tape position (see 
f igure 7-6) e 


VVV RRRRRRRRRRRRRRRRRRRRR 


3 BITS 21 BITS 


Figure 7-6. Paper Tape Rewind 
I/O Descriptor 


Referring to figure 7-6: 


ae VVV = O11. = paper tape rewind operation command. 
b. R = reserved for unit address. 


PAPER TAPE TEST 1/0 DESCRIPTOR. 
This descriptor (figure 7-7) tests the designated unit and returns a 


result descriptor. 
VVV T RRRRRRRRRRRRRRRRRRRR 
3 BITS 1 20 BITS 


Figure 7-7, Paper Tape Test Descriptor 


Referring to figure 7#7: 
a. VVV = 100 = tests the paper tape reader and controller. 
be. T= 0-- the result is stored immediately on completion. 


ce. T= 1 = the result is delayed until the reader is ready 
and it is not rewinding. 


PAPER TAPE READ RESULT DESCRIPTOR, 

At the completion of an I/Q operation, ‘the 1/0 controller returns a 

result descriptor, for the just-completed 1/0, -in the second 24 bits 
of the result status area. The result descriptor for the paper tape 
reader operation is: . 


a. Bit QO = 1/0 complete. 

b. Bit 1 = exception condition (any bit on in bits .3-16). 
c. Bit 2 = not ready, 

d. Bit 3 = tape parity error. 

e. Bit 4 = memory access error. 

fF. Bit 5 = reserved. 

ge Bit 6 = end of tape, 

he. Bit 7. = beginning of tape, 

i. Bit & - reserved, 

‘i. Bit %2 = short record. 


1. Bits 11-16 - reserved, 
me Bits 17-23. = controller ID = 0001110 (test 1/0 only). | 


UNBUFFERED TRAIN PRINTER CONTROLLER, 

This controller provides printer speeds of 400 and 750 LPM with 132 
charaeters per line. It provides code conversion from internal EBCDIC 
to a binary code which is related to the graphic position for the stane 
dard 16, 4&8, 64, and 96 chain’s. If memory access is missed, ‘the con- 
trol waits until the same graphic is presented to it a second time and 
then continues, thus providing automatic recovery. 


This controller also includes a quick release feature which terminates 
the operation and enabies the start of paper motion as soon as all non- 
blank characters have been printed. Printing speed with this feature 
is dependent on the number of blank characters; however, the effective 
rate is usually greater than the rated speed, 
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This controller provides for EBCDIC to BCL translation on the data 

as jt is transferred from memory to the printef. The I/0 controller 
contains a one-character buffer which receives information from memory 
serially by character and transfers the information serially by chare- 
acter to the printer buffer. Transfer of paper motion. control infare 
mation takes place after the printer buffer is filled. The I/0 caon- 
troller {fs capable of loading the printer buffer, while paper motion 
is occurring, in response to a previous I/0 descriptof. After the 
paper motion of the previous command {fs completed, format information 
is received for the information in the buffer, which can now be 
printed. The controller provides for printer speed options of 300, 
400, 475, 700, and 750 LPM with 132 characters per line. A 1040 LPM 
buffered line printer controller is available on the B 1726. 

LINE PRINTER WRITE DESCRIPTOR. 

A line of data is printed from ascending memory locations beginning at 
the memory location specified by the A address (see figure 7-8). The 
length of the line is determined by the number of printer columns, -80, 
120. 132, or until the location specified by the B address is reached, 
whichever occurs first. Spacing or skipping takes place after 
printing, and skipping takes precedence over spacing. 


VVV ee eee RRRRRRRRRRRRRRR U 
3 BITS 1 4 BITS 15 BITS | 1 24 BITS 24 BITS 
Figure 7#8,. Line Printer Write Descriptor 


Referring to figure 7-8: 
ae VVV = 010 = printer write operation command, 


be. I =. = inhibit reporting of EOP and skip to channel one if 
this operation calls for single or double spacing. 


C. TTTT = 0000 = no paper advance, 

ds. TTTT = 1110 - single space after printing. 

e. TTTT = 1111 = double space after printing. 

f. TITT = 0001. = skip to channel 1 after sorineings 

ge TTTT = 1100 = skip to channel 12 after printing. 
he TTTT = 1101. = skip. to next enannes after printing. 
ie R = reserved. 


je U= 0 = printer unit 4. 


Je7. 


1. = printer unit 2. 
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= beginning address of data, 
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ending address of data + 1, 


LINE PRINTER SKIP DESCRIPTOR, 

Skipping is controlled by bits 4-8 as in the write descriptor. 

Skipping takes precedence over spacing. The skip I/0 descriptor format 
is the same as for the printer write (see figure 7-9). 


VvVV I TTTT RRRRRRRRRRRRRRR 
4 BITS 15 BITS 


Figure 7-9, Line Printer Skip Descriptor 


The printer space or skip operation command has VVV equal to 101. 
Variables are the same as for the write I/0 descriptor. 


LINE PRINTER TEST DESCRIPTOR. 
The status of the designated unit is tested and a result descriptor is 
returned which contains the controller ID (see figure 7-10). 


3 BITS 1 19 BITS 


Figure 7-10. Line Printer Test Descriptor 


Referring to figure 7-10: 
ae VVV = 100 = test the printer and the printer controller. 
be. T=0-- result is stored immediately. 


ce T= 1 = result is delayed until the printer is ready and 
paper motion is stopped, 


d. R&R, U = same as for the write 1/0 descriptor. | 


LINE PRINTER RESULT DESCRIPTOR. 

At the completion of the 1/0 operation the controller returns a 
result descriptor to the secand 24 bits of the result status area, 
The result descriptor information is as follows: 


ae Bit QO = 1/0 complete. 
b. Bit 1. = exception condition (any bit on in bits 3-16). 
ce Bit 2 = not ready, 


d. t 3. = code parity. 
e. t 4. - reserved. 
a t 5. = memory parity error. 


j 
i 
i 
jt 6 = end of page. 

tts 7-8-9. 

) 000. = 64 character set (test I/0 only). 

) 001. = 48 character set. 

) 010 = 16 character set. 

) O11. = 96 character set, 

) 100 = 192 character set. 

its 10-113 

) 00 = 860 LPM or 400 LPM (test I/0 only). 

) Ot = 300 LPM. 

) 11 = 1700 LPM, 

jt 12 = paper in motion (test I/0 only). 

it 13 = motor-on test (test I/0 only). 

its 14-15: 

) 00 - 132 columns per print line (test I/0 only). 
) 10 + 120 columns per print line. 

) 101. = 80 columns per print line. 

m. - Bit 16 = reserved, 

nm. - Bits 17-23 - controller ID = 0010000 (test I/0 only). 


CONSOLE PRINTER FSPO) CONTROLLER. 
This 1/0 controller is used to control the console printer. The can- 


trol provides a bidirectional translator which translates EBCDIC to 
USASCII (also referred to as ASCII and ANSCII) for the 128 USASCII 
code’s. Translation for codes not specified is undefined. 


—_ 
. 
Wwnh—]/ TOO Fwn HTM FwnrnoHTOOTo 


Information between the console printer and the controller ifs trans- 
ferred serially by bit, whereas it is transferred serially by character 
between the controller and main memory. 


The controller can be "input request enabled," at which time the con- 
troller is sensitive only to the USASCII ENQ code from the keyboard. 
When the controller receives this code, an interrupt is set. The ENQ 
signal {fs remembered and {fs reported to main memory. Once reported, 
the interrupt remembering an ENQ signal fs cleared, 


Upon receipt of a read descriptor, the controller automatically gen- 
erates a signal to light an indicator on the console printer and to 
await an input message from the systems opératof. The controller is 
sensitive to the USASCII ETX (end of text) in an output message, which 
is translated to EBCDIC and transferred to main memory. 


The controller is also sensitive to the USASCII NAK code which is also 
translated and stored [in main memory. The NAK and ETX signals 
terminate a read operation. | 


The A and B addresses of the operand must define an integral number of 
8-bit character's, 


Data entered into the console printer is first sent to the I/0 con- 
troller and then is retransmitted (echo back) to the teletypewriter 
for printing. 


Console printer I/0 descriptors are described in the following 
paragraphs. 


CONSOLE PRINTER READ DESCRIPTOR, 

The message being typed on the typewriter keyboard is read into 
ascending memory locations beginning with the location specified by 
the A address and continuing until an ETX code is detected, or up to 
the location specified by the B address (see figure 7-11). The ETX 
code is stored following the data stream only if the ETX signal 
terminates the operation. 


VVV T RRRRRRRRRRRRRRRRRRRR =a be = | 
3 BITS 1 20 BITS 24 BITS .24 BITS 


Figure 7-11. Console Printer 
Read Descriptor 


Referring to figure 7-11: 


ae ~ VVV = 000. = console printer read operation command. 
b.e- T = Q = EBCDIC translation. 

Co’ T= L = no translation. 

d.-R = reserved. 

e. - A = beginning address of data, 

f.-B = ending address of data + 1. 


CONSOLE PRINTER WRITE DESCRIPTOR. 

A message is typed on the console printer for ascending memory locae- 
tions beginning with the location specified by the A address and con- 
tinuing until an ETX code is detected, or up to the location specif ied 
by the B address (see figure -7-12). 


_VVvV RRRRRRRRRRRRRRRRRRRR ad | * | | B | 
3 BITS 1 20 BITS 24 BITS 24 BITS 


Figure 7-12. Console Printer 
Write Descriptor 


The console printer write command has VVV equal to 010. Other varie 
ables are the same as for the read descriptor. 


CONSOLE PRINTER TEST DESCRIPTOR, 
The 1/0 controller and console printer are tested, and a result 
descriptor which contains the controller ID is returned (see Figure 


713). 
ARRRRRRRRARRARARRRARR 


1 — 20 BITS 


Figure 7-13. Console Printer 
Test Descriptor 


Referring to figure 7-13: 


VVV = 100. - console printer. test. 


a. 

b. T= O = store result descriptor immediately, 

ce T= 1 = store result descriptor when ENQ {fs sensed. 
d. R = reserved, 


CONSOLE PRINTER RESULT DESCRIPTOR. 
The result descriptor for the console printer jis as Follows: 


a. Bit O = I/0 complete. | 
b. Bit 1. = exception condition (any bit on in bits 3-17). 
Ce Bit 2 = not ready. 

d. Bit 3 = NAK received, 

e. Bit 4 = reserved, 

f. Bit 5. = memory parity error. 

ge Bit 6 = attempt to exceed maximum addres’s. 

h. Bit 7 = ENQ received. 


ie Bits 8-16 = reserved. 
je Bits 17-23 - controller ID = 0010110 (test 1/0 only). 


NITRO 
The reader sorter controllers are ised to execute I/0 operations on 
reader sorters. One result deScriptor fis returned for each 1/0 opera- 
tion initiated. The reader sorter control can store one character per 
memory access. The time between memory access is approximately 420 
microsseconds for an MICR read. The A and B addresses of the I/0 
descriptor must specify an integral number of .8=bit characters. Demand 
read operation Is not permitted, | 


The controls provide an MICR*USASCII-«8 translator which translates the 
first 16 USASCII codes (0000 0000 to 000 1111 inclusive) to EBCDIC as 
shown in table 7-1, 


Table 7-1 


Reader Sorter 
MICR/USASCII-8 Translation 


System 
1/0 Controller Internal Internal 
Sorter Symbol Sorter Code Internal Code Graphic 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


Amount ($2) 
Transit ($2) 
QneUs ($3) 
Hyphen (S&) 
SS 


VY th ee OIE OCOONDUMFWwnrp Oo 
Ee a tte et at at Ot a a a a a a a ae 
ANA NNT TATA T 
NOOO POW wo ONOmMEwn—Oo 
ali allie ll Cee? See Nee Ne Nee Ne Nee ee See ee ee eee Cee” 


Cannot read 


The MICR control provides a USASCII/EBCDIC translator which translates 
the center 64 USASCII codes (010 0000 to 101 1111 inclusive) to the 
corresponding EBCDIC codes. (Refer to table 7-2.) In addition, the 
USASCII code 001 1010 for SUB is translated to the USASCII1-8 code 0001 
1010 for SUB. 


Validity checking for MICR reading is as follows: 


a. Amount field - Ist and 12th character for amount symbols and 
intervening 10 characters for decimal digits. 


be. Transit field - 40th and SOth characters for transit symbols 


and intervening nine characters for decimal digits except for 
hyphen in position 45. 
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Table 7=2 


Reader Sorter 
USASCII/EBCDIC Translation 


| | Sorter EBCDIC Sorter | Sorter EBCDIC 
Sorter Symbol Code Code Symbol | Code Code 


Blank 
Vertical bar 


Pe $$ SHR WHMN WT 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
0 
0 


—~=—OOCCGTCCOCO SH SH Se awe ww—OOODCOCC0CO-= 


01 
11 
| 

114 
1 

14 

111 
1 

lat 

141 

114 

114 

mn 

111 

[44 
1 

i 

(11 

114 

111 

144 

111 
1 

111 

114 

lit 
| 

lot 

11 

101 

101 


t Jue enq<xe<cauxmotroOzZzerxAcHrTOMmmMoowre 


© 
a 
od 
oS 


Ov v Il Awe ce ODNIDM EWN — ON. 


annot read (SUB) 


NOTE 
Leading unreadable characters are not 
stored and are not reported as errors. 


Formatting for MICR reading {is accomplished by storing all data except 
for hyphens in the ON-US field into descending memory locations until 
the first transit symbol jis detected and then storing blanks until] the 
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4Oth character location is reached. The transit symbol code jis Stored 
in the 40th character position followed by the remaining data. In no 
case is data stored more often than every eight micro-seconds. 


In flow mode, the appropriate operation complete (OC) bit is inspected 
just prior to the tao-late-to-read time. If the OC bit is false, the 
read takes place and the link address is used to obtain a new set of 
addresses for the next read operation. If an OC bit is true, all sub- 
sequent read operations associated with that station are discontinued. 
However, the other read station, if active, continues to read and 
store data. The feeder is stopped by the presence of the OC bit for 
either read stations or by a too-late-to-pocket-select condition or by 
a halt variant contained in the read OP code. 


Pocket select and interrupt information, if present, are obtained from 
memory via a swap operation just prior to the too-late-to-pocket-select 
time. The controller first swaps a lockout pattern of 24 zero bits and 
then determines whether valid information is present. The controller 
then stores the pocket select result tnformation. If valid information 
is not present, the feeder jis stopped; the current item and alli sub- 
sequent items are rejected. The tooelate bit is reported In the pocket 
select result descriptor area immediately. A new initiate can be ace 
cepted while the controller is rejecting previous items. 


An interrupt can be requested at the completion of any read from the 
first station, the second station, or both. A pending interrupt does 
not prevent the storing of subsequent read data but does cause any 
subsequent request for an interrupt to be ignored, © 


If an unencoded jitem is encountered, it is reported as such in the read 
result descriptor. The read area in memory is unaffected. 


If a batch ticket is encountered, it is reported as such in the read 
result descriptor for the read area jin which the batch ticket data has 
been stored, 


If underspaced, overlength, or double items are detected, the control 
does not read the fault jitem(s) but rejects them without any result 
Indication. The feeder is not stopped and subsequent items are read 
normally. However, if the fault item is a batch ticket, it is reported 
in the read result descriptor as a rejected item. The read information 
is not valid. 


If an empty hopper, full pocket, or sorter stop button is detected, all 
items in motion are processed. The noteready bit is reported in the 
pocket select result descriptor area when the last item read 

is pocketed. 


If a jam or missort is detected, the sorter stops the feeder and the 
control rejects all items in the feed line which have not been read. 
The jamemissort bit is reported in the pocket select result descriptor 
area when the last item read is pocketed. After a pocket light 
descriptor is sent to the sorter, the sorter jis placed in a not-ready 
status and accepts only pocket light operation’. 
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The 1/0 descriptor for a reader sorter operation jis shown in f igure 
7-14. Each field is 24 bits wide. 


RSA, RSA, 


Figure 7-14. Reader Sorter 1/0 Descriptor 


Referring to figure 7-143 
a. Read station one. 


) AEA-subl. = actual ending addres’. 

) RD=subl. = result descriptor. 

) LINK=subl = link addres’. 

) OP-subl = operation code and variant’. 

) A#subl - start addres’. 

) Besubl - ending address of data + 1. 

) PS = pocket select information and result.. 


ead station two (present only if variants specify a read for 
oth stations). 


) AfA=sub2 = actual ending address. 

) RDesub2 - result descriptor. 

) Assub2 - start address of data. 

) Besub2 = ending address of data + |. 


POCKET SELECT INFORMATION. 


Pocket select information, if present, is obtained from the 24-bit PS 
portion of the 1/0 descriptor (see figure 7-15). 


PPPPP RRRRRRRRRRRRRRRRR 


2 BITS 5 BITS 17 BITS 


Figure 7-15. PS (Pocket Select) Portion 
of Reader Sorter 1/0 Descriptor 


Referring to figure 7-153 


ae VV = 00 = valid information is present and a normal pocket 
selection is performed, 


be. VV not equal to 00 = valid pocket select information {ts not 
present and the control waits and again checks if valid 
information ts present. 


ce PPPPP = 00000-11111. - from four to 32 pockets are available 
for selection. 


d. R = reserved. 


READ READER SORTER DESCRIPTOR. 

Read the data from the appropriate read station(s) into descending 
memory locations starting at the location specified by the B address 

of the I/0 descriptor minus one and continuing until, but not into, the 
location specified by the A address plus one or until all data from the 
item has been read, whichever occurs first. (See figure 7-16.) 


RRRRRRRRRR 


10 BITS 


Figure 7-16. Read Reader Sorter Descriptor 


Referring to figure 7-16: 


Ae VV = 000 - read reader sorter operation command. 
b. = reserved. 

Ce = 1. = read first station. 

ds = 1. = read second station. 

@e G = 11. = read both station’. 


format and validity check first station. 
format and validity check second station. 

- format and validity check both station’. . 
do not store delimiter, first station. 

do not store delimiter, second station. 
delimiter = blank, first station. 

delimiter = blank, second station. 

halt the feeder. 
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BATCH COUNT DESCRIPTOR. 
The batch counter jin the sorter is advanced by one. Flow must be 
Stopped and all {items must be pocketeselected. (See figure 7-17.) 


VVV RRRRRRRRRRRRRRRRRRRRR 
24 BITS 21 BITS 
Figure 7-17. Batch Count Descriptor 


Referring to figure 7-17, VVV is equal to 101, and R indicates 
reserved, 


POCKET LIGHT DESCRIPTOR. 

The light in the pocket specified (.0-30) in the I/0 descriptor is illu- 
minated., - Flow must be stopped and all] items must be pocket-selected. 
(See figure 7-18.) 


vv | NNNNN | RRRRARARARARRRRR 


3 BITS 5 BITS 16 BITS 


Figure 7-18. Pocket Light Descriptor 


Referring to figure 7-183 
‘an VVV = 010 = pocket light enable operation command. 


be NNNNN = 00000-11111. = light specific pocket q 
through 32 (.0-31). 


ce: R = reserved. 
READER SORTER TEST DESCRIPTOR. 
The reader sorter and controller are tested, a noteready, jam, or mis- 


sort condition is reported, if present, and an appropriate result 
descriptor is returned. (See figure 7-19.) 


VVV RRRRRRRRRRRRRRRRRRRR 
| 3 BITS 1 20 BITS 


Figure 7=19, Reader Sorter Test Descriptor 


Referring to figure 7-193 


‘a, ' VVV = 100. = test reader sorter 1/0 controller 
and reader sorter. 


be: T= 0 store result immediately. 
cc. T= 1 = store result when reader sorter is ready. 


d.°R reserved, 


READER SORTER RESULT DESCRIPTOR. 

At the completion of the operation, the result status information is 
stored at the specified location. The result descriptor information 
is as follows: 


ae Bit O = operation complete. 


b. - Bit 1. = exception condition (any bit on 3 through 16 set). 
c.: Bit 2 = not ready. 


J=17 


de. Bit 3 = unencoded document. 
e. Bit 4& = memory access error. 
f. Bit 5. = cannot read document. 
ge Bit 6 = amount field error. 
« Bit 7. = angus field error. 
i. Bit 8 - transit field error. 
jo Bit 92 = double documents. 
ke Bit 10 = too late to read. 
Te Bit 11. = jam. 
m. Bit 12 = missort. 
ne. Bit 13. = batch ticket (no item left in path to be read). 
o. Bit 14% = flow stopped (no items left in path to be read). 
pe. Bit 15. = empty hopper, full stacker, stop. 
qe Bit 16 - reserved, 
r. Bits 17-23 = control ID = 0010100 (test I/0 only). 


SK 
Thts 1/0 controller provides for the attachment of disk packs to the 
system. The maximum capacity of each pack is 30 million bytes. 


The controller can be used with two disk pack drives in al x 2 
conf iguration. 


The disk pack control can store or fetch 24 bits of data per memory 
access and is capable of receiving and recording information at a 
five megabit per second rate, 


Correctness of information in main memory is verified by the port 
interchange. If a parity error is detected during the fetch of any 

- portion of an 1/0 descriptor, a message is returned by the controller 
to the processor containing the address and 24 of the bits which 

have caused the memory parity error. Any error detected during data 
transfer causes the return of an appropriate result descriptor. 


The disk pack controller assumes a linked list of 1/0 descriptors. 
Once a control ts initiated with an address which points to a result 
descriptor, the control reads the first two bits (00) of the result 
descriptor. The control fetches that 1/0 descriptor and executes it. 
If not, the control exits by fetching the link address to the next 
result descriptor. 


Each disk pack consists of 10 disk platters; each has 20 data surfaces 
numbered 00-19. There are 33 available segments on each surface in a 
cylinder except the first, on which five alternate segments are re- 
served. These alternate segments are used for relocating segments 
which had been unrecordable in their original location. Continuous 
operation from segment to segment, track to track, and cylinder to 
cylinder is permitted, -but continuous operation from disk pack unit 

to unit is not. 


DISK PACK WRITE DESCRIPTOR. 

Data is written to the disk pack starting at the given file address (C) 
from ascending memory locations beginning at the location specified by 
the A address continuing to but not from the end location specified by 
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the B address, 


(See figure 7-20, ) 


Figure 7-20, 


Referring to 


VVV 


T = 

T = 

NNN 

NNN = OO1 
NNN = O1O 
NNN = O11 
NNN = 100 
NNN = 101 
DUDU = O-15 
R = Reserved 
A = 

B= 

c= 


BITS 


figure 7-20: 


BITS 


RRRRRRRRR 
3 2 


= 010 - disk pack write operation command, 


Reserved 


O «= enable automatic restore after seek error, 


1 =- disable automatic restore after seek error, 


O ~ do not parity-check segment written, 


1 - parity-check all segments written (to be 
specified if required), 


O -~ segment mode, 


1 =- track mode, 


= 000 - normal segment address, 


spare segment #1 on selected 


spare 
spare 
spare 
spare 


-~ unit 


segment 
segment 
segment 
segment 


number , 


#2 
#3 
#4 


#5 


on 


on. 


on 


beginning address of data, 


ending address of data + l, 


binary file address, 


selected 


selected. 


selected 


selected. 


track, 
track, 
track, 
track, 


track, 
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Zero bits are written to complete the last segment, 


All B C 
2k ah 2h 
Bits} |Brts | BITS 


Disk Pack Write Descriptor 


T7219 


DISK PACK READ DESCRIPTOR, 

Data is read from the disk pack starting at the given file address (C) 
into ascending memory locations beginning at the location specified by 
the A address and ending at but not in the end location specified by 
the B address, A complete segment need not be stored but is 
parity-checked, (See figure 7-21,) 


RO es eae PTO ry =P OE Va ert ane OE OO 


NNN RRRRRRRRR uuuU A B C 


3 3 9 nT 24 24 24 
BITS BITS BITS BITS BITS BITS | [BITS 


Figure 7-21, Disk Pack Read Descriptor 


Referring to figure 7-21: 


a, VVV = OOO - disk pack read operation, 

b, M = 1 = normal read operation, 

c, M#= 0 - if reading a relocated segment, the address field 
returned contains all ones, 

ad, C= 0 - enable error correction, 

e, C= 1 = disable error correction, 

f, Other variables are the same as for the disk pack 


write descriptor, 


DISK PACK INITIALIZE DESCRIPTOR, 
Segment addresses, data (all zeros), and gaps in all tracks are written 
starting after the index pulse on the track decoded from the given file 


address continuing through the entire track, cylinder, or pack, (See 
figure 7-22,) The data consist of a 16-bit "pattern obtained from 
ascending memory locations at the specified A address, This 10-bit 


pattern is repeated 90 times throughout each data segment, 


en ens nn sO annie a aot tre aterm 


C 
mn aire 24 
BITS BITS —— BITS 


Figure 7-22, Disk Pack Initialize Descriptor 


Referring to figure 7-223 


a VVV = O11 - disk pack initialize operation, 


b, -E = 0 - enable automatic restore pees seek error, 
c, E= 1 =- disable automatic restore after seek error, 
qd, T=0- SG pmowes mole: 

e., T= 1 - track mode, 


f, PP = 00 - entire pack, 

g&, PP = Ol - cylinder only, 
h, PP = 10 = track only, 

uae PP = 11 - undefined, 

Jj. UUUU = OW-15 - unit number, 
k, R = reserved, 


DISK PACK VERIFY DESCRIPTOR, 

The disk pack is read and checked for address errors and information 
parity errors beginning with the first segment after the index pulse 
on the track decoded from the given file address, continuing through 
the entire track, cylinder, or pack, The positions of segments are 
verified by counting from the index on each track, 


The binary file address of the detected error(s) is reported into 
ascending memory locations beginning at the location specified by 
the A address plus 16, The data is checked by comparing the 16-bit 
pattern at the location specified by the A address with each 16-bit 
group of data in the segment, 


NOTE 
Relocated segments are also checked, 


3 ngs eet ae oe Va eH a 2 10 4 


BITS BITS BITS 


A B 


, 24 24 
BITS! | BITS 


Figure 7-23, Disk Pack Verify Descriptor 


Referring to figure T7a3% 
a, VVV = OO1 - verify disk pack operation, 
b, -E = 0 -~ enable automatic restore after seek error, 
ec, E'= 1 =- disable automatic restore after seek error, 
d, | O'< Sosa aes. | 
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T = 1 - track mode, 

f PP = OO - entire pack, 

PP = O1 - cylinder only, 
h, PP = 10 - track only, 

te PP = 11 - undefined, 

j. UUUU = O-15 - wnit number, 
k, R= reserved, 


DISK PACK RELOCATE DESCRIPTOR. 

The segment address designated by the given file address (c) is flag- 
ged with an error configuration, and is rewritten on track OO in the 
space sector specified by N, Both the original address field and the 
relocated address field on track OO are located by counting from the 
index on each track, 


NOTE 
An error configuration is one byte of 
binary "ones" with clock pulses omitted, 
followed by one byte of binary "ones" 
(with clock pulses), followed by one 
byte of binary "ones" with clock pulses 
omitted, Also the Sync Code is changed 
to eight zeros, 


The error configuration is written in the address field of the desig- 
nated sector, The standard test data pattern is also written in the 
relocated segment data field, (See figure 7-24, ) 


UUUU A B Cc 
4 24 24 24 
BITS BITS BITS BITS 


Figure 7-24, Disk Pack Relocate Descriptor 


Referring to figure 7-24: 


a, VVV = 101 - relocate segment operation, 

b, E = 0 = enable automatic restore after seek error, 
c, E= 1 = disable automatic restore after seek error, 
d, T = O - segment mode, 

e, T = 1 - track mode, 


f, NNN = 1-5 - indicates the spare segment in 28 through 32 
on track OO, 


ge, R= reserved, 


DISK PACK TEST DESCRIPTOR, 
The disk pack drive is tested for the following conditions (see figure 


7-25): 


Readiness of drive, 
Busyness of drive, 

Timeout of seek operation, 
Seek complete status, 
Seeking status, 

Control identification, 
Write lockout, 

Drive type, 


es e 2 e e e ° 
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Figure 7-25, Disk Pack Test Descriptor 


Referring to figure 7-25: 


a, VVV = 100 - disk pack test operation, 
b, EEP = OOO - return a result immediately, Do not pause, 
c, EEP = 100 - return a result only if. the drive is ready and in 


a seek complete status; otherwise, unlock and fetch the next 
descriptor, 

d, EEP = 010 - returns a result only if the drive is present 
else unlock and fetch the next descriptor, 

e, EEP = OO1 - if no 1/o descriptor has been executed since the 
last encounter with a test descriptor with EEP = 001, unlock 
and then pause one to two milliseconds before proceeding to 
fetch the result descriptor field of the next descriptor, 

If an I/O descriptor has been executed, do not. pause; unlock 
and then proceed immediately to fetch the result descriptor 
field of the next descriptor, Do not store a result in 
either case, 


dae Py = 1 - put the drive off time for pack removal, 


gg. R = reserved, 
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The controller can store and fetch 16 bits of data per memory access 
and is capable of handling a data transfer rate from and to a drive of 
1,55 and 3,10 megabits per second, 


Segment to segment, track to track, and cylinder to cylinder operation 
is permitted but continous operation from unit to unit is not 
permitted, 


Bad tracks should not be addressed by the software in any routines 
other than initialization routines, Bad tracks are not detected by 
the control, and reading and writing on or over bad tracks produces 
an undefined result, 


DISK CARTRIDGE READ DESCRIPTOR, 

Data is read from the disk cartridge starting at the given file address 
(c) into ascending memory locations beginning at the location specified 
by the A address and ending at but not in the end location specified 
by the B address, A complete segment need not be stored but is 


parity-checked, (See figure 7-27.) 
iii 
24 24 24 
BITS BITS BITS 


VVV ri mir|s| RRRRRRRRRRRR 
. al}ajali 12 
BITS 
Figure 7-27, Disk Cartridge Read Descriptor 


BITS 
Referring to figure 7-27: 


a, VVV = OOO - disk cartridge read, 


b, MS = OO = normal read, 

c, MS = O1 - undefined, 

d, MS = 10 - read immediately following the segment pulse, 
e, MS = 11 - undefined, 

f, UvUU = 000-111 - disk cartridge unit number, 

gz, reserved, 

h, beginning address of data, 


ending address of data + 1, 
binary absolute disk address, 


DISK CARTRIDGE WRITE DESCRIPTOR, 

Data is written to the disk cartridge starting at the given file ad- 
dress (C) from ascending memory locations beginning at the location 
specified by the A address continuing to but not from the end location 
specified by the B address, Zero bits are written to complete the 
last segment, (See figure 7-28, ) | 
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BITS BITS BITS 


Figure 7-28, Disk Cartridge 


Write Descriptor 


Referring to figure 7-28: 


a 


VVV = O10 


MS = 00 - 
MS = O1 - 
MS = 10 = 
MS = ll - 


- disk cartridge write, 

normal write, 

undefined, 

write inmediately following the segment pulse, 


undefined, 


Other variables are the same as for the disk cartridge 
read descriptor, 


DISK CARTRIDGE TEST DESCRIPTOR, 
The designated controller is tested for the following conditions: 
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Readiness 


of cartridge drive, 


Write lockout, 

Timeout of seek operation, 
Seek status, 

Seeking status, 


fF. 


Control fidentification. 


The disk cartridge test descriptor is shown in figure 7-29, 


VVV RRRRRRRRRRRRRRRR ~~ UUU 
3 BITS 2 16 BITS 3 BITS 


Figure 7-29. Disk Cartridge Test Descriptor 


Referring to figure 7-293 


ae 
b. 
Ce 


d. 


VVV = 100 = disk cartridge test. 
MS = 00 = return a result immediately unconditionally. 
MS = OL. = do not return any result unless ready. 


MS = O01 = do not return any result but pause one to two 
milliseconds before fetching the next 1/0 descriptor. 


DISK CARTRIDGE RESULT DESCRIPTOR. ee 
The disk cartridge result descriptor is defined as. follows: 


ae 


be 


Bit O = operation completed. 
Bit l = exception condition. 


Bit 2 = not ready. 


Bit 3 « read parity error. 

Bit 4& = memory access error. 

Bit 5. = memory parity error. 

Bit 6 = write lockout operation not performed (test), 
Bit 8&8 = overrun. 


Bits 7-8=93.3 


1) 000 not present (test’. 
2) 100 2200 BPI, 203T (test). 


Bit 10 - reserved, 
Bit 11 = seek timeout operation not performed. 
Bit 12 = seek status (test). | 


Bit 13 - reserved. 
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ne Bit 14 - seeking (test). 
Oo. Bit 15. = reserved, 
De Bit 16 - reserved, 


qe Bits 17-23. = controller ID. 


MAGNETIC TAPE CONTROLLERS, 


7=-TRACK MAGNETIC TAPE CONTROLLER. , 
This controller is used with all 7-track free-standing transports. It 
has the capability of operating at 200, 556, and 800 BPI densitieS. A 
maximum of six transports can be used on the controller. The ability 
to perform non-stop forward operations is also included. 


-9=TRACK MAGNETIC TAPE CONTROLLER. 

This controller is used with any .9=track free-standing transports and 
Jetrack magnetic tape clusters. It has the capability of operating at 
1600 and 800 BPI density. 


NOTE 
200 and 556 BPI are not provided. 


A maximum of six transports can be used on the controller. 

The magnetic tape I/0 descriptors are described below. 

MAGNETIC TAPE READ DESCRIPTOR. 

This operation reads data from magnetic tape in either a forward or 
backward direction into ascending or descending memory locations as 


specified by the A address and continuing until the end location 
specified by the B address (see figure 7-30). 


3 BITS 3 BITS | 4 BITS 8 BITS 4 BiTS 24 BITS 24 BITS 


Figure 7-30. Magnetic Tape Read Descriptor 
Referring to figure 7-303 


a@e VVV = 000 - read operation command. 

c. T= 1 read reverse. 

qd. Co=1.-*= current track. 

ee FFF = 000 through 111. = track number. 

*. PPPP = 0110 = 800 BPI even parity 7-track. 
Qe PPPP = 0111. = 800 BPI odd parity .7-track. 
4. PPPP = 1011. = 800 BPI odd parity 9-track. 
“i. PPPP = 0010 - 556 BPI even parity .7-track. 


i, PPPP = 0011. = 556 BPI odd parity 7-track. 

%. PPPP = 0000 = 200 BPI even parity 7-track. 

A. PPPP = 0001. = 200 BPI odd parity 7-track. 

me PPPP = 1111. = 1600 BPI odd parity 9=track (phase encoded’). 
‘M. PPPP = 0100 - (as selectied by switch = even parity). 

Oo. PPPP = 0101. = (as selected by switch - odd parity). 

De. R = reserved, 

‘a4. A = beginning address of data. 

v’. B = ending address of data + 1. 


S. UUUU = 0000 through 1111. = tape unit number. 


MAGNETIC. TAPE WRITE DESCRIPTOR. 

This operation writes a data to tape moving in the forward direction 
from ascending memory locations beginning at the location specified by 
the A address and continuing until the location specified by the B 
address. (See figure 7-34.) 


MAGNETIC TAPE ERASE DESCRIPTOR. 

Magnetic tape is erased in the forward direction on the designated 
unit. The number of characters erased jis the number of characters 
whitch would be written for the same A and B addresseS. No memory space 
is used, -but memory cycle time is used. (See figure 7-34.) 


Tove pe [| T | RRRR FFFF | RRRRRRRR UUUU A 
3pits |1 | 1 | 4aBrts | 4eits 8 BITS 4 BITS 24 BITS | | 24 BITS 


Figure 7-31. Magnetic Tape 
Write/Erase Descriptor 


Referring to figure 7-313 
fae VVV = 010 = tape write operation command, 

- E = 1. = erase, 

« T= 1 = write tape mark. 

« All other variables are the same as In tape read. 


fae eae 


MAGNETIC. TAPE REWIND DESCRIPTOR. 

Magnetic tape jis rewound on the designated unit to the beginning 

of tape (BOT). After the operation is initiated, -a result descriptor 
is returned with the I/0 complete bit set ON without waiting until the 
rewind is complete. - (See figure 7=32.)- 


VVV RRRRRRRRRRRRRRRRR UUUU 
3 BITS 17 BITS 4 BITS 


Figure 7-32. Magnetic Tape Rewind Descriptor 


Referring to figure 7#32: 

ae VVV = O11. = tape rewind operation command. 

b. R = reserved. 

ce. UUUU = 0000-1111. - tape unit number. 
MAGNETIC TAPE SPACE DESCRIPTOR. 
Magnetic tape is spaced forward or backward by the number of records 
specified by bits 13-20 of the tape space I/0 descriptor (001 through 
255 physical records) unless tape is stopped by detection of an end of 


file (EOF), end of tape (EOT-), or beginning of tape (BOT) condition. 
(See figure 7-33.) 


male VVV RRRR an PPPP ". RRRRRRR - cS 
3 BITS 4 BITS 4 BITS 7 BITS 4 BITS 
Figure 7-33. Magnetic Tape Space Descriptor 


Referring to figure 7-333 

ae VVV = 110 = space operation command. 

b. S = Q = space to next end of file (EOF). 

ce S = 1 = space one record, 

d. All other variables are the same as in the tape descriptor. 
MAGNETIC TAPE TEST DESCRIPTOR. 


This descriptor tests the unit specified and returns a result 
descriptor (see figure 7-34), 


VVV TT — RRRRRRRRRRRRRRR = UUUU | 
3 BITS 2 15 BITS 4 BITS 
Figure 7-34, Magnetic Tape Test Descriptor 


Referring to figure 7-34: 
ae VVV = 100 = test operation command. 
be TT = 00 = always return a result descriptor. 


ce TT = 10 = return a result descriptor only if the 
unit is ready. 


d. TT = 01. = return a result descriptor only if the 
unit is not ready. 


e. All other variables are the same as for the tape read 
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descriptor. 
MAGNETIC TAPE LOCK DESCRIPTOR. 


There fis one lock descriptor in the subsystem chain for each magnetic 
tape unit (see figure 7-35). 


| VVV een 
3 BITS 21 BITS 24 BITS 24 BITS 


Figure 7-35. Magnetic Tape Lock Descriptor 


Referring to figure 7=353 


ae VVV = 101. = magnetic tape lock operation. 


b. R = reserved, 
ce A = address of first nanelock descriptor. 
d. B = address of current non#lock descriptor, 


MAGNETIC TAPE RESULT DESCRIPTOR. 
At the completion of an I/O operation the following result descriptor 


information jis returned: 


Bit 12 = cyclic redundancy check. 

Bits 13-15 = track in error (000-111). 

Bit 16. = reserved, 

Bit 17 = short record (incomplete record), 
Bits 18«23 - reserved. 


ae Bit Q = I/0 complete. 

b. Bit 1. - exception condition (any bit on in bits 3-16). 
ce. Bit 2 - not ready. 

d. Bit 3. - tape parity error. 

e. Bit 4& = memory access error. 

Ff. Bit 5 - memory parity error. 

ge Bit 6 = end of tape (E0OT). 

h. Bit 7 = beginning of tape (BOT). 

ie Bit 8&8 = write lockout. 

je Bit 2 end of file (EOF). 

k. Bit 10 = tape is rewinding. 

1. Bit 11 - spacing of three feet of blank tape (timeout). 
Me 

ne 

O« 

De 

de 


The magnetic tape test result descriptor is as follows: 
a. Bit Q =- 1/0 complete, 
b. Bit 1. = exception condition (any bit on in bits 3-16). 
ce. Bit 2 = not ready, 
d. Bit 3. = busy. 


e. Bits 485 = reserved, 
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- Bit 
- Bit 
- Bit 
» Bit 
- Bit 


- Bit 


DATA COMMUN 
A data communications controller provides for certain basic functions 
described below with nonestandard functions peculiar to particular 
line disciplines provided for by the specific line adapter. 

Basic functions of data communications controllers are: 


Ae 


be: 


Ce 
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1/0 


6. 
7. 
8 
2 


- end of tape. 


- beginning of tape, 


- write lockcut, 


- reserved, 


10 = rewinding. 


11. = reserved. 


- Bits 12-143 


000 = 7=track 700 BPI. - 
001. = Z-track 556 BP’. - 
O11. = 7Z=track 800 BPI. - 
101. = 9etrack &00 BPI. - 
111. = 9=track 1600 BPI. - 


its 15-16 


vi. 
ae 
3 
wk. 
zr 5. 


- reserved. - 


its 17-23 - controller ID. - 


- 0110010, - 
- 0110000, - 
- 0110100, - 
- O110110, - 
- 0111000. - 


NOTE 


The cyclic redundancy check 
of generating another check character 
during write operations and provides 
error correcting capabilitie’sS. Ouring a 
the generated check character must 
agree with the one that has been 
written, 


ROLLERS. 


initiate handling. 


is a means 


1/0 descriptor fetch for an adapter. 


- Provides for storage 


in an adapter for address of result 


status area, beginning of data address, -and end of data 
address + 1. 


d.- Initiating an adapter to the appropriate operating mode, 


e. : Servicing an adapter request for character transfers. 


f. - USASCII-7. to/from EBCDIC translation as selected by variant. 
ge ' Result descriptor and interrupt handling. 


The data communications controller accepts all 1/0 initiate descriptors 
directed to it regardless of the state of an adapter. If an I/0 de- 
scriptor is directed to a busy adapter, the control forces the adapter 
to the new operating state, ‘destroying all traces of the previous 
operation including any pending interrupt’. 


On the controller a parity error or a memory access error does not 
terminate a read or write operation. On a read, an access failure 
results in a loss of the character. - On a write, -an access failure 
results jin the transmittal of a sync character on a synchronous line 
and a steady marking condition on an asynchronous line. 


SINGLE-LINE CONTROLLER. 

A single-line controller provides connection between a single I/0 
channel and a single communications line. A line adapter is required 
to equip the single-l-ine controller for use with a particular type of 
remote 1/0 device. The adapter determines code sensitivity, 
transmission rate, and character length in bits. 


LINE ADAPTERS FOR SINGLE=LINE CONTROLS. 
The adapters are input/output devices that provide the terminal con-= 
nections between a telephone or telegraph facility and an I/0 channel 


via the single-line controls. 


During input, -all adapters receive data from the line serially by bit. 
When a bit has been stored, -the adapter signals the control to accept 
the bit. During output, -all adapters receive data serially by bit from 
the 1/0 cdntrol. As each bit is transmitted, ‘the adapter requests the 
next bit from the control. 


The adapters provide for both a receive and a transmit break. On re- 
ceipt of a break 1/0 descriptor, ‘the adapter terminates the operation 
in process, if any, and transmits the break signal. It does not return 
a result descriptor for an operation in process. The result descriptor 
for the break jis returned after completion of the break operation. 


A time-out feature is provided for the I/0 controller/adapter hookup 
when using leased lines or direct line operation and provides a read 
time=sout which detects the absence of a data character for a period of 
time greater than one second. The time-out starts immediately after 
the receipt of the I/0 descriptor. The time-out can be inhibited 
programmatically. The time-out period can be changed by a field 
engineer to a 20#secand period, 
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Time-out also occurs if the clear-to-send signal from the data set is- 
not returned within 20 seconds after the request to send, This timee 
out cannot be inhibited, 


Three types of standard line adapters are available. 


ae - Standard synchronous line adapter, 
b. - Standard asynchronous line adapter, 
©. - Standard direct asynchronous line adapter. 


Standard line adapters provide for the attachment of the following 
terminals: 


ae Teletypes (models 33, 35, and 37). 

b. Burroughs Input and Display. - (B 9353’. 
ce. CRT Input and Display (B 9352), 

d. Burroughs TC-Serie’s. - 

e. Burroughs TU-Series. - 

f. Burroughs RT-Serie’s, - 


SYNCHRONOUS LINE ADAPTER, 

The standard synchronous line adapter(s) provide for a connection of 
the listed terminals via the following common carrier services and data 
set’Ss. Data sets equivalent to those listed can be used but must first 
be approved and specified. The clock is supplied by the data set. 


Burroughs 
speed (BPS) services Data set 
2000 Dial WE 201A3 : 
2400 Leased WE 201B1 TA 713/TA 783 
4800 Leased WE 203 TA 713/TA 783 
9600 Leased WE 203 


ASYNCHRONOUS LINE ADAPTER. 

Standard asynchronous line adapter(s) provide for a connection of the 
listed terminals via the following common carrier services and data 
sets. Data sets equivalent to those listed can be used but must first 
be approved and specified. The adapters may be modified to accommodate 
any one of the listed transmission speeds. 


Burroughs 

Speed (BPS) service Data Set Data sets 
150 Dial WE 103A 

150 Leased WE 103F TA 713/753 
300 Dial WE 202C 

300 Leased WE 2020 TA 713/753 
600 Dial WE 202C 

600 Leased WE 202D TA 713/753 


Burroughs 


Speed (BPS) Service Data Set Data Sets 
1200 Dial WE 202C 
1200 Leased WE 202D TA 713/753 
1800 teased - WE 202D TA 783 


DIRECT ASYNCHRONOUS LINE ADAPTER. 

The standard direct asynchronous line adapter provides for.a connection 
of the listed terminals via a ..2-wire direct connect interface. The 
adapter may be modified to accommodate any of the following listed 
transmission speeds (in BPS): 


ae: 110. 
b. . 150. 
Co’ 300. 
d.: 1200, 
ee. - 1800. 
f. - 2400, 
de” 4800, 
he - 9600. 


ADAPTER CHARACTERISTICS. 

Transmission code is USASCII1-7. The seven data bits are transmitted 
least significant bits first followed by one parity bit. - For synchro- 
nous operation, character parity is odd. - For asynchronous operation, 
character parity is even, The adapter performs the parity generation 
and checking. One start bit and one stop bit frame the seven bits plus 
parity that make up the character; therefore, -for each character of 
data, 10 bits are sent down the line. 


A block check code (BCC) is normally transmitted following all messages 
that. contain a start code. The BCC is formed by taking the modulo two 
sum on.each data bit following a start code, up to and ihcluding an end 
code, and jis transmitted after the end code with appropriate character 
parity. | 


Both EBCDIC and USASCII#8 codes are capable of being received from 
memory by the line adapters, EBCDIC code must be translated to 
USASCII-8 by the control. USASCII-8 is translated to USASCII-7 In 
the adapter by ignoring the high order bit. On input, USASCII=7 is 
translated to USASCII-8. in the adapter and then translated to EBCDIC 
by the control if requested by a vartant in the I/0 descriptor. 


The adapter assembles one character 105 data before requesting service 
from the 1/0 controller. 
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The following code sensitivity is provided by the adapter’s. 


Function Code 
Start SOH, -STX 
End ET-X, “ETB 
Positive response ACK, ENQ, BEL, ETX, ETB 
Negative response NAK, EOT 
Enquiry ENQ 
Syne SYNC 


Two SYNC codes must be received before a synchronous adapter is sensi- 
tive to any other codes, SYNC codes are not stored in main memory. 
After the receipt of the last leading SYNC code, -an adapter stores 

in memory all subsequent cades, except the SYNC character, up to but 
not including a block check character. - SYNC characters are not 
included in a BCC sum. At least four SYNC codes must be transmitted 
prior to data, Four SYNC codes are automatically generated by the I/0 
controller prior to transmittal of data. 


A control code listed under the classifications of positive r 
and negative responses is also defined to be an ending code ji 
not preceded by a code classified as a start code. 


The control characters ETX and ETB are not considered to be a positive 
response unless followed by a correct block check character (BCC). 


The negative response code EOT is a response code ona read only and 
never ona write. To enable an anehook condition at a remote site, the. 
adapter must receive a message such as DLE, £€0T, ENQ. To enable an 
on-hook condition at the central site, the adapter must receive an 1/0 
descriptor with the disconnect variant, 


The receipt of an ENQ code or a ringing condition is recognized by the 
adapter when the adapter is in a test and wait state, It is not 
remembered or recognized jin any other state, 


A variant in the I/0 descriptor is provided to ignore EOT as an ending 
code for read. This variant allows the controller and the system to 
which it is attached to act as a terminal and receive a polling see 
quence from other systems. No hardware recdgnition of addresses is 
provided, however. 


The SLC I/0 controller and line adapters are designed to operate over 
the communicdtions facilities defined in table 7-3 and table 7-4, 
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Table 7=3 


Transmission Facility Classification 


Narrowband Variable - 15.0-300 bits/sec Generally private 
generally line except for 
up to 300 Hz TELEX and TWX 

services 


Vo iceband Nominal 4& kHz 600/1200/1800/2000/ Private and 


2400 bits/sec and dial lines 
higher with WE or 
COAM modems 


Wideband 48 kHZ and up 40.8 K bits/sec and Generally private 
higher line except DATA- 
PHONE 50 service 
from the Bell 
System 


Table 7-4 


Conditioning 
Voiceband Conditioning 


80.0 = 26 00 
1000+2400 
80.0=2600 


1000-2600 
-600=-2600 
500-2800 
1000-2600 
60.0-3000 


DATA COMMUNICATIONS READ DESCRIPTOR, 

Data is read from the remote device in ascending memory locations 
beginning with the location specified by the A address. Reading is 
continued until a control code denoting the end of text is detected. 
In no case is the data stored in the ending location specified by the 
B address. The complete message read must be terminated by a control 
code. (See figure 7-36.) 
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ae eee : 
3 BITS 3 BITS 1 2 1 2 8 BITS 4 BITS 24 BITS 24 BITS 
Figure 7-36. Data Communications 
Read Descriptor 


Referring to figure 7-363 


ae: VVV = 000 = data communications read operation. 

b. - TTT = 000 = no translation. 

c.: TTT = 010 = USASCII-7. to EBCDIC translation. 

d.-W = 0. do not disable time-out timer. 

e.- W= 1. = disable time-out timer. 

f.-B = 1 = ignore EOT as a response cycle. 

ge CC = 00 = normal 1/0 chaining. 

he - CC = O1. = 1/0 chaining if negative response is received. 
i. - CC = 10 = I1/0 chaining if positive response is received. 
je R = reserved. 

ke. - UUUU = 0-15. - adapter number. 

1. :-A = beginning address of data. 

me. -B = ending address of data + 1. 


DATA COMMUNICATIONS WRITE DESCRIPTOR. 

Data is written to the remote device from ascending memory locations 
beginning with the location specified by the A address and continuing 
until a control code which denotes end of text is detected or up to the 


location specified by the B address. (See figure 7-37.) 


RRRRRRRRRRRRRR UUUU 
14 BITS 4 BITS 24 BITS 24 BITS 


Figure 7-37. Data Communications 
Write Descriptor 


VVV is equal to 010 for the data communications write operation. Other 
variables are the same as for the read descriptor. | 


DATA COMMUNICATIONS BREAK DESCRIPTOR. 


Send a break signal to the remote terminal or go on hook as specified 
by the variants in the 1/0 descriptors. (See figure 7-38.) 
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VVV Ferre | oT | RRRRRRRRRRRRR UUUU 


3 BITS 3 BITS 1 13 BITS 4 BITS 


Figure 7-38. Data Communications 
Break Descriptor 


Referring to figure 7-383 
a. - VVV = 111. = data communications break. 
be - T = Q = send break and do not disconnect. 
ce: T = 1. = disconnect and do not break. 
d.- UUUU = 0-15. - adapter number. 
ee R = reserved. 
f.:-6G = address of result status area. 

DATA COMMUNICATIONS TEST DESCRIPTOR. 


Test the adapter identification and for a received ENQ, and return a 
result descriptor which contains the adapter 1/0. (See figure 7-39.) 


vVVV T RRRRRRRRRRRRRRRR UUUU 


3 BITS 1 16 BITS 4 BITS 


Figure 7-39. Data Communications 
Test Descniptor 
Referring to figure 7-39: 
a. VVV = 100 = test the I/0 controller, 


be. VVV = 111 = test the 1/0 controller, return a result descriptor, 
and go idle. . 


ce T= 1 + wait until ENO is received before completing I/0. 
d. R = reserved, 
ee. D = address of result status area, 


DATA COMMUNICATIONS RESULT DESCRIPTOR. 
The data communications result descriptor is as follows: 


ae Bit Q = 1/0 complete... 


b. Bit 1 = exception conditions (any vit on in bits 3-16), 
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Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 


Bit 


yw OPN Dw FY DP 


not ready, 

parity error - character or BCC. 
memory access error. 

memory parity error. 


time-out, 


break, 


ending control code expected but not received, 


chaining terminated, 


10 = reserved, 


11. 
12 
13. 
14. 
15. 
16. 


loss of clear to send, 
carrier loss. 

reserved, 

off hook (dialZ% 

ringing or enquiry received, 


reserved, 


Bits 17-23 - adapter ID (test 1/0 only). 


1000000 = adapter not present. 
1Onnnnn = leased or direct connect, 
Tinnnnn = switched line. 


NOTE 


The variable nnnnn jis defined as? 


00010 = standard line adapter 
01000 = Teletype adapter 
00100 = ACU adapter 


DISK PACK RESULT DESCRIFTOR, 
At the completion of a disk pack t/O operation, the following result 
descriptor information is returned: 


a, Bit 
b, Bit 
c, Bit 
d, Bit 
e, Bit 
f, Bit 

. Bit 
h, Bit 
i Bit 


O 


1 


Pad 


oo NN DN 


operation complete, 

exception condition, 

not ready, 

read data parity error; write data parity error, 
memory access error, 

memory parity, 

write lockout operation not performed, 

transmission parity error; read data error corrected, 


overrun, 


Jj. Bits 7-9: 


1 

Z 

3 
k, Bit 
1, Bit 
m, Bit 
n, Bit 
o, Bit 
p. Bit 
q. Bit 
r 


000 not present, 
OO1 20 surface - 203 track, 
010 20 surface = 406 track, 


10 
11 
12 
13 
14 
15 
16 


- address parity error or verify error, 

- seek timeout, 

- seek status, 

- control no, O,,,1, 

- seeking; seek initiated flag; wrong cylinder, 


- segment address error, 


- reserved, 


Bits 17-23 - controller ID = 0011110 (test I/O only), 


DISK CARTRIDGE CONTROLLER, 
This I/O controller provides for the attachment of disk cartridge 
drives to the system (see figure 7-26), 


7-24 


i ae —|prrve 1 | 
Sor] DRIVE 2 | 


DPC-1 


Figure 7-26, Disk Cartridge Controller 


MICRO-INSTRUCTION CONTROL REGISTERS, 


Mnemonic 


A 19 


Me 16 
TAS 24 
TOPM 4 
MBR 24 


Width 


APPENDIX A 


REGISTER SUMMARY 


Function 


Address reg. 


Mtcroetnst. 
Top of stack 


Top ctl. ‘mem. 


Mem, base reg, 


MAIN MEMORY CONTROL REGISTERS. 


Mnemontc Width 
BR 24 
LP. 24 
FA 24 
Ft. 16 
ae in 
CP 8 
CXF 1 
CPU 2 
CPL 5 
MAXS 24 


Functton 
Base reg. 
Limit req. 
Fleld Adr., 
Fleld lath. 
Field unfit 
Arith. ctl. 


Carry flag 


Artth. unft 


Data length 


Matin mem. 
s{ze 


Usage 


Source/dest. 


Source/dest. 


Source/dest . 


Source/dest, 


Sourcée/dest, 


Usage 


Source/dest. 
Source/dest, 
Source/dest, 
Source/dest. 
Sourcée/dest,. 
Source/dest, 


Source/dest,. 


Dest. 


Source/dest,. 


Source 


Remarks 


32K micro tnst. 
(max memory on 

B 1720 Serles) 
256K micro-tnst. 
on B 1720 Sertes 


Pseudo 


Not avl. on B 1710 
Serles 


Not avl. on B 1710 
Serfes 


Renarks 


B 1700 64 KB max. 
FLC/D/E/F 


Part of FB 


CYP 5 CRU, CPL 


00 
01 
11 
on 


binary 
hebtt 

Sebit (Not avl. 
1710 Sertes) 


val. 24 


Owe eu 


ha Xe 


Revised 9/28/73 by 
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APPENDIX A (cdnt) 


Mnemonic | 


MA XM 


FLCN 


Width 
24 


Function 


Control mem, 
size 


Fid, 
cond, 


\gth. 


INTERRUPT CONTROL REGISTERS, 


Mnemontc 


cc 


CD 


INCN 


Width 
h 


k 


Function 


Intr. cond, 


Intr. cond, 


Intr. cond. 


GENERAL PURPOSE REGISTERS, 


Mnemonic 


Width 
24 


Function 


Usage 


Source 


Source/dest. 


Usage 


Source/dest. 


Source/dest. 


>ource/dest,. 


Usage 
Source/dest, 
Source/dest, 


Source/dest, 
Source/dest, 


Source/dest,. 
source/dest, 
source /dest, 


WNH—O 
MoM aoa 


Ie AER ONRET: Kd 


Remarks 


console Intr. 
1/0 ser. ra. 
Clock fntr,. 
State flag 


Wrt. out bds, 
Rd, out bds, 
Jut bds. ovride, 
Rd, par. er, 


Wn —o 
Hou oY 


Disp, lkout. 
Disp. Intr. 
Priority disp. 
Missing port 
(Not aval. on 8 1710 
Sertes) | 


Wh —© 


Kemarks 


Gen. and {tnp. to 
Funct. box 

Gen. and Inp. to 
funct. box 

GEN. 

Gen. and used by 
DISPATCH 


Gen. - part of FB 


APPENDIX A (cont) 


INPUTS TO 24=BIT FUNCTION BOX, 


Mnemon te Width Funct.lon Usage Remarks 
X 2h Input Source /dest, 
Y 24 Input Source/dest. 
CYF 1 Carry flag Source/dest. 
CPU 2 Arfth. untt Dest. . 
CPL 5 Data length Sourcé/dest. 


OUTPUTS FROM 24-BIT FUNCTION BOX, 


~ Mnemonte Width Function Usage Remarks 
BICN 4 Binary cond. Source 
XYCN 4 X and Y cond, Source 
XYST L X and Y states Source. 
~~ CYL 1 Carry out level Source 
CYD 1 Borrow out Source 
level 


AVAILABLE FROM 24=B1T FUNCTION BOX, 


Mnemonic Width Funct ton Usage Remarks 
SUM 24 X + Y source AND CYF 
DIFF 24 X - Y Source AND CYD 
XORY 24 X OR Y source 
XE OY . 24 X EXOR Y Source. 

XANY 24 X AND Y Source 

CMPX 24 Compl. X source AND CPL 
CMPY 24 Comp). Y Source AND CPL 
MSKX 24 Mask X Source AND CPL 
MSKY — 24 Mask Y Source. AND CPL 


MISCELLANEOUS REGISTERS, 


Mnemonic Width Functton Usage Remarks 
U 16 Cassette Input Source 
NULL | 24 | Source Contains zeros 
DATA 24 1/0 data Source/dest. 
CMND eb 1/0 cammand Dest. 
Revised.9/28/73 by 
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APPENDIX 6 


HE XADECIMAL=DEC IMAL 


CONVERSION 


TABLE 


The table in this appendix provides for direct canversion of decimal 


and hexadecimal numbers 


in the ranges: 


He xadecimal 
000 to FFF 


Decimal 
0 to 4095 


For numbers outside the range of the table, add the following values 


to the table figure’s. 


Hexadecimal 


1000 
2000 
3000 
4000 
5000 
6000 
7000 
8000 
9000 
AQO00 
BOOO 
C000 
0000 
E000 
FOOO 


Decimal 


4096 

8192 
12288 
16384 
20484 
24576 
28672 
32768 
36864 
40960 
45056 
49152 
53248 
57344 
61440 


Z-g 


000 
O10 
020 
030 


O40 
050 
060 
O70 


080 
090 
OA0 
CHO 


Oco 
Oud 
0£0 
ora 


1906 
110 
120 
$30 


140 
150 
160 
170 


180 
190 
tA0 
180 


ico 
100 
1L0 
{FO 


APPENDIX B (cont'd) 


0 


176 


192 
208 
27a 
240 


256 
272 
268 
304 


320 
336 
352 
368 


384 
400 
416 
832 
aaB 
a64 
460 
ag9é 


{ 


177 


193 
209 
225 
241 


257 
273 
289 
305 


321 
337 
353 
369 


385 
404 
817 
435 
449 
465 
464 
aor 


2 


1786 


194 
240 
226 
242 


258 
274 
290 
306 


322 


338 


354 
370 


386 
402 
416 
434 


450 
466 
482 


496 


179 


195 
ai! 
227 
243 


259 
275 
291 
307 


323 
339 


355 
371 


387 
403 
419 


435 


451 
467 
463 


499 


160 


196 
212 
226 
244 


260 
276 
292 
308 


324 
340 
356 
372 


386 
404 
420 
436 


452 
468 
464 
500 


161 


197 
213 
229 
245 


261 
277 
293 
309 


325 
341 
357 
373 


389 
405 
A2t 
a3? 


453 
469 
485 
501 


163 


199 
215 
231 
247 


263 
279 
295 
311 


327 
343 
359 
375 


394 
407 
423 
439 


455 
a7 
46? 
503 


184 


200 
216 
232 
248 


2464 
240 
296 
312 


328 
344 
360 
376 


392 
hog 
424 
440 


456 
472 
488 
504 


145 


201 
217 
233 
249 


265 
281 
297 
313 


329 
345 
361 
377 


393 
409 
825 
Hat 


457 
avy 
489 
505 


156 


202 


218 
234 
250 


246 
282 
298 
314 


330 
346 
342 
378 


394 
410 
426 
442 


4358 
47a 
490 


596 


187 


293 
219 
235 
251 


Zé? 
263 
299 
315 


331 
347 
3623 
379 


395 
aii 
Ae? 
8443 


459 
a75 
Agt 
507 


Las 


204 
220 
236 
252 


268 
284 
300 
316 


332 
348 
364 
360 


396 
412 
426 
Rak 


460 
a7é 
492 
508 


Par. wal 
1oOF 


209 
221 
23? 
253 


259 
285 
301 
317 


333 
349 
365 
361 


397 
413 
429 
445 


461 
aT? 
493 
509 


4ear 
avr 


206 
222 
238 
254 


270 
286 
302 
314 


334 
350 
366 
382 


398 
44a 
430 
446 


46? 
478 
494 


510 


491 
oc 


207 
223 
239 
2295 


271 
287 
303 
319 


335 
3514 
367 
383 


399 
a15 
&31 
447 


463 
avg 
495 


Sit 


‘C=ng: 


APPENDIX B (cont'd) 


785 
804 
817 


833 
849 
BéS 
881 


897 
913 
929 
945 
961 
977 


993 
1009 


770 
786 
802 
818 


834 
850 
866 
882 


898 
914 
930 
946 


962 
976 
994 
1010 


715 
731 
var 
763 


779 
795 
811 
827 


643 
859 
875 
691 


90? 
923 
939 
955 


971 
987 
1003 
1019 


524 
540 


556 
572 


588 
604 
620 
636 


652 
668 
664 
700 


716 
732 
748 
764 


780 
756 
812 
828 


844 
860 


876 
892 


908 
924 
940 
$56 


972 
984 
1004 
1020 


#00 
410 
&20 
430 


440 
450 
464 
470 


480 
490 
aad 
480 


aco 
&v0 
4€0 
4FO 


500 
510 
520 
530 


540 
550 
560 
$70 


580 
590 
5A0 
560 


5co 
300 
5E0 
5F0 


APPENDIX B (cont'd) 


g= 6 


600 
610 
620 
630 


649 
650 
660 
670 


680 
690 
6A0 


680 


6C0 
U0 
660 
6FO 


700 
710 
720 
739 


740 
750 
760 
770 


780 
790 
740 
7B0 


7cG 
700 
7EO 
7FO 


APPENDIX B (cont'd) 


1546 
1542 
1578 
1594 


1610 
1626 
1642 
1658 


1674 
1690 


1706 
1722 


1776 
1754 
1776 
1746 


1892 
1618 
1834 
1850 


1866 
1852 
1898 
1914 


19396 
1986 
1952 
1978 


1994 
2010 
2026 
2042 


‘9-q 


600 
€10 
620 
&30 


640 
é59 
860 
&70 


680 
890 


GAO 


6y0 


aco 
800 
6€0 
8FO 


$00 
910 
920 


Aank 


¥IU 
940 
950 


$60 
970 


980 
990 
9A0 
930 


9c0 
$00 
Sb0 
9F0 


APPENDIX B (cont'd) 


Log 


A00 
AiO 
A420 
A430 


A40 
aso 
460 
ATO 


REO 
AgvO 
AAG 
AB0 


ACO 
AvO 
ALO 
AFO 


B00 
B10 
620 
830 


Bac 
850 
B60 
B70 


#40 
890 
8 a0 
BuO 


BCO 
8U0 
BEO 
BFO 


APPENDIX B (cont'd) 


2568 
2584 


2600 
2616 


2632 
2648 


2664 
2680 


2696 
2712 
2728 
2744 


2760 
2776 
2792 
2608 


2824 
2840 
2856 
2872 


2688 
290a 
2920 
2936 


2952 
2968 
2988 
30690 


3016 
3032 
3988 
3064 


‘g-g 


coo 
Cio 
C20 
€30 


ca9 
c50 
C60 
C70 


C80 
C990 
TAO 
cB0 


cca 
Cvo 
CeO 
CFO 


DOO 
010 
020 
030 


hag 


D050 
060 
D70 


080 
090 
OA0 
dG 


DCo 
0D0 
DEO 
OFO 


APPENDIX B (cont'd) 


6-q" 


E00 
E10 
E20 
&30 


£40 
E50 
£460 


E70 


cae 
E90 
EAOQ 
£80 


Eco 
£00 
£0 
EFO 


FOO 
F19 
F20 
F 30 


F40 
F590 
F60 
70 


F80 
F990 
FAO 
FBO 


FCO 
FbO 
FEO 
FRS 


APPENDIX B (cont‘d) 


MSM 
TOPM 
MBR 
INCN 

A stack 


BR & LR 


CPu 


MAXM 
DATA/CMNOD 
XYST/condtitions 


swap memory 
micro 


Clear register 
micro 


Load/Store F 
from/ into 
doublepad word 
micro 


Overlay Mestring 


micro 


Control memory 


Port interchange 


Buffered 1/0 
controllers 


APPENDIX C 
SYSTEM COMPARISON 


Bo1712/8 1714 
No 
No 
No 
No 


16 elements 


MCP checkIng 
only 


00 
01 


btnary 
A obit 


Hou 


0 
Urtltzed 
Leastesignificant 


unit of X 
ANY-Interrupt 
Y=0Q0 


Xx 0 


No 


No 


No 


No 
No 


Yes 


Yes 
32 elements 


COD reg. set 
out of bounds 


oO 
cata 
hou 


Uttlitzed 


The ANY-tnterrupt 


bit has several 
more Inputs. 


Yes 


Yes 


Revised 9/28/73 by 


PCN 1057155-002 


C=] 


APPENDIX C (cont) 


i) 


Processor 
clock rate 


Read cycle 
Write cycle 


Hain memory 
minftmum 


Hain memory 
maximum 


— nO Oo Oo 


B 1712/8 1714 Bd 
2 WH2/4 WHz 6 HH2 
4h clocks 4 clocks 
6 clocks 6 clocks 
16 K8 24h KB 
4O KB/65 KB 96 K&B 

NOTE 

HH2 = 167 nanoseconds (8 1726) 

MHz = 250 nanoseconds (8 1714) 

MHz = 500 nanoseconds (8B 1712) 


KB = 1024 bytes 
byte = 8 bits 
intcro=Instruction = 16 bits 


726 


APPENDIX 0 


CONVERSTONS 


2 n Ze20 
1 0 1 048 576 
2 1 2 097 152 
h 2 4 194 304 
8 3 8 388 608 
16 h 16 777 216 
32 5 33 554 432 
64 6 67 108 864 
128 7 134 217 728 
256 8 268 435 456 
512 9 536 870 912 
1 024 10 1 073 741 824 
2 O48 11 2 147 483 648 
h 096 12 4 294 967 296 
8 192 13 8 589 934 592 
16 384 14 17.179 869 184 
2 768 15 34 359 738 368 
65 536 16 68 719 476 736 
131 072 17 137 438 953 472 
262 144 18 274% 877 906 944 
524 288 19 549 755 813 888 


NOTE 
2**n means 2 raised 
to the power of n. 


Binary He xadecimal Dec imal 


OQ 

ecnanls 

rae 
TOORPWONDUNSWN-oO 
WH KOWON DMN SWNHHoO 


wh om aah ord 


APPENDIX D (cant) 


Binary He xadecimal Decimal 
1110 E 14 
1111 F 15 


APPENDIX E 
MICRO-INSTRUCTIONS 


OP CODE 
MICROMNEMONICS | (HEXADECIMAL) 
REGISTER MOVE 


SCRATCHPAD 
MOVE 


SOURCE REG. | DESTINATION DESTINATION 
SOURCE REG. ROW COL. REG. COL. REG. ROW 
SOURCE/DESTINATION |SOURCE/DEST oes SCRATCHPAD WORD 
REG, ROW REG. COL. [S27e7! ADDRESS 
REG. MANIPULATE FOUR-BIT MANIPULATE 
0 o (1 1 AFFECTED REGISTER ROW | COL. VARIANTS LITERAL 


~ 


11 10 9 8 


FOUR-BIT 
MANIPULATE 


BIT TEST REL 
BR ON FALSE 


BIT TEST REL 
BR ON TRUE 
READ/WRITE 
MEMORY Jnnn 


MOVE EIGHT-BIT 
* LITERAL 


MOVE 24-8IT 
LITERAL 
SHIFT/ROTATE 
T REGISTER 


EXTRACT FROM 
T REGISTER 


BRANCH REL. 
FORWARD 


SOURCE REG. (FOUR-BIT) EG. TEST BIT RELATIVE BRANCH 
ROW OL. NUMBER DISPLACEMENT VALUE 
RELATIVE BRANCH 


L Ba 
SOURCE REG. (FOUR-BIT) REG. TEST BIT 
ROW COL. NUMBER DISPLACEMENT VALUE 
SOURCE REG. (FOUR-BIT) REG. SKIP TEST 
ROW COL. VARIANTS 
COUNT FA/FL DATA REG. Fon i 
VARIANTS (XYTL) 5 MEMORY FIELD LENGTH’ 
OESTINATION AEG. ROW 
COL 2 ASSUMED EIGHT-BIT LITERAL 
DESTINATION REG. ROW 
COL 2 ASSUMED FIRST EIGHT BITS OF LITERAL 
OEST REG. pa SHIFT/ROTATE 
DESTINATION REG. ROW COL. COUNT (1-24) 


RIGHT BIT POINTER (1-24) DEST. REG. WIDTH OF EXTRACTION 
FOR EXTRACTION FIELD OP. CODE (XYTL) FIELD (1-24) 


RELATIVE DISPLACEMENT MAGNITUDE 
RELATIVE DISPLACEMENT MAGNITUDE 


RELATIVE CALLED AODRESS MAGNITUDE 


RELATIVE CALLED ADDRESS MAGNITUDE 
DEST. GEN. pa MEMORY FIELD 
J = pies Z| LENGTH 
a Fs a 7 
t T Y: FL 
REG. | REG. | REG. REG. 
SHIFT/ROTATE 
f COUNT (1-24) 
SHIFT/ROTATE ° 
ie COUNT (1-24) 
COUNT LITERAL 
VARIANTS MAGNITUDE 


DESTINATION 48-BIT SOURCE 48-BiT 
SCRATCHPAD ADDR. SCRATCHPAD ADDR. 


ov 


BRANCH REL. 
REVERSE 
CALL REL. 
FORWARD 


CALL REL. 


REVERSE 


CLEAR 
REGISTERS 


SHIFT/ROTATE 
XORY 


° So 
°o °o 


SHIFT/ROTATE 
xX ANO Y 


COUNT 


0 
0 
0 
0 
FA AND FL 0 


0 
0 
0 
O6Bnn 0 


EXCHANGE 


DOUBLEPAD WORD 0 0 0 0 
SCRATCHPAD A(LEFT) SCRATCHPAD 
RELATE FA 0 0 0 0 1 0 0 0 RESERVED WORD ADDRESS 


LITERAL OCCURRENCE IDENTIFIER 


CASSETTE MANIP- 

ULATE VARIANTS 
DESTINATION SCRATCHPAD 
WORD (48 BITS) 


MONITOR 


CASSETTE 
CONTROL 


BIAS 
STORE FINTO * 
DOUBLEPAD WORD 
LOAD F FROM *# : 
DOUBLEPAD WORD O06n 0 ta) 0 0 
SET 
CYF O006n 0 o 0 0 


OVERLAY * 
M-STRING 


NORMALIZE 
x 


° 
So 
° 
° 


SOURCE SCRATCHPAD 
WORD (48 BITS) 


°o 
—] 
° 
° 


NO 
OPERATION 


*NOT AVAILABLE ON 8 1710 SYSTEMS 


© 1973 Burroughs — DO NOT REPRODUCE Eo] 


FOUR-BIT MANIPULATE SKIP WHEN (6nnn) SKIP READ/WRITE MEMORY 


(3nnn) VARIANTS TEST VARIANTS (7nnn) VARIANTS 
BITS 4-6 CONDITIONS BITS 4-6 CONDITIONS BITS 6-7 CONDITIONS 
000 SET 000 ANY. SKIP 00 X REG. 
001 AND 001 ALL. SKIP 01 Y REG. 
010 OR 010 EQU. SKIP 10 T REG. 
011 EOR 011 ALL CLR. SKIP 11 L REG. 
100 INC 100 NOT ANY. SKIP 
101 INC/TEST 101 NOT ALL. SKIP Bits S10 CONDITIONS 
110 DEC 140 NOT EQU. SKIP 000 NOP 
111 DEC/TEST 171 NOT ALL. CLR. SKIP 001 FAt 
010 FL4 
011 FAt FLY 
EXTRACT FROM T REGISTER SWAP MEMORY = oii 
(8nnn) VARIANTS (02nn) VARIANTS 110 FLY 
BITS 5-6 CONDITIONS BITS 6-7 CONDITIONS a FAY FLY 
00 X REG. 00 X REG. 
01 Y REG. 01 Y REG. 
10 T REG. 10 T REG. CASSETTE CONTROL 
" neo: a bier. (002n) VARIANTS 
BITS 3-1 CONDITIONS 
000 START TAPE 
001 STOP ON GAP 
010 STOP ON X#Y 
COUNT FA AND FL DISPATCH (001n) 011-111 RESERVED 
(O6nn) VARIANTS VARIANTS 
BITS 5-7 CONDITIONS BITS 1-3 CONDITIONS 
000 NOP 000 DISPATCH LOCK BIAS (003n) VARIANTS 
001 FA4t 001 DISPATCH WRITE BITS 3-1 CONDITIONS 
010 FLt 010 DISPATCH READ aa eae 6 
011 FA4 FLY 011 DISPATCH RD & CLR OG SROLGEL 
100 FAq FL4 100 RESERVED 
101 FAY 101 RESERVED - se = ce 
110 FLY 110 RESERVED a ie : 
111 FAY FL 111 RESERVED 
y FLY 101 24 OR CPL OR FL 
110 NOP 
111 24 OR CPL OR FL OR SFL 


REGISTER COLUMN 


CC REGISTER é ; : ‘ 
0 = CONSOLE INTR. ; ——L 1—_—_1____ maT 
i eee ice REO. _ [178 eT : aa 
a ASAE EEA - 3 TD FLD % XANY 
CD REGISTER 1 | 4 TE FLE A(MAR)  XEOY 
TF FLF K 
0 = WRT/SWAP OUT OF BDS* a lines ¥ eu Men 
+ | 6 CA. BICN BR MSKY 
1 = READ OUT OF BDS* ee. SELeA ee ane 
2 = OUT OF BDS OVERRIDE* E 
3 = MEM. RD. PARITY ERR. R{| 8 LA TOPM* FA DIFF 
9 LB RES. FB MAXS 
INCN REGISTER* R}410 LC RES. FL MAXM 
STR fe) 
0 = PORT DISP. LOCKOUT ce vee Te u 
1 = PORT DISP. INTR. 12 LE XYCN cp MBR* 
2 = PORT PRIORITY INTR. 13 LF XYST MSMA* DATA 
3 = MISSING CONTROLLER’ ON PORT 14 CC INCN* READ CMND 
OR CHANNEL 15 CD CPU WRIT NULL 


* NOT AVAILABLE ON B 1710 SYSTEMS 


[=4 


be RD ie al 


CARD VALIDITY 
READER CHECK 


MEMORY 
ACCESS 


ERROR 
MEMORY | MEMORY 

ne ACCESS | PARITY 
ERROR ERROR 


PAPER TAPE MEMORY 
TAPE PARITY ACCESS 
READER | ERROR ERROR 
LINE PRINT pees 
PRINTER | CHECK Bl itl 001 = 48 
010 = 16 
CONSOLE | KEYBOARD ee 
PRINTER | E. CANCEL Daeg 
READER |UNENCODED sreneaed CANNOT 
SORTER [DOCUMENT | CCESS READ 
TAPE 
MAGNETIC | PARITY MEMOR ¥. 
PARITY 
TAPE ERROR. on 
BUSY 


MEMORY 
ACCESS 
ERROR 


MEMORY 
PARITY 
ERROR 


cane SHS | ORE | Sch 
ERROR ERROR 


MEMORY 
ACCESS 
ERROR 


MEMORY 
PARITY 
ERROR 


SINGLE PARITY 
LINE ERROR 
DISK 
PACK 


* TEST DESCRIPTOR ONLY 


BREAK 
TIME-OUT DET. 


MEMORY 
ACCESS 
ERROR 


MEMORY 
PARITY 
ERROR 


COMMON RESULT DESCRIPTOR BITS: 
0= 1/0 COMPLETE 
1= EXCEPTION CONDITION 
2 NOT READY 


CODE NOT 
RECEIVED 


UNIT 
REWINDING 


EMPTY 
TRANSIT BATCH FLOW HOPPER 
DOUBLE | TOO LATE ; 
FIELD InocumENTS! TO READ MISSORT | ticket | STOPPED FULL 
STACKER 
| CRC ERROR TRACKINERROR | 
ee TRACK/DENSITY * 
LOCKOUT Se BLANK 101 = 91. 800 
TAPE) 001 = 7T. 556 111 = 9T. 1600 


DENSITY 


END. CTL. 


PARITY 
ERROR 


CHAINING LOSS OF CARRIER 
TERM CLR. TO SD. LOSS 


OVERRUN_J|TRK/DENS.*!] ADDRESS 


WRITE vin , 
LOCKOUT | 001 = 20SUR/203T 010 = 20SUR/406T 


SEEK 
T.0. 


PAPER * 
IN 
MOTION 


1000000 = ADAPTER NOT PRESENT 
10nnnnn = LEASED OR DIRECT CONNECT 
11nmnnn = SWITCHED LINE 
nnnnn = 00010 — STANDARD LINE ADAPTER 
01000 — TELETYPE ADAPTER 
00100 — A.C.U. ADAPTER 


2 [3 | 4 | | 6 | 


CONTROLLER * 
ID. (17-23) 


CTL. 1 0101010 
CTL. 2 0010100 


CTL. 0000100 


CTL. 10001110 
CTL. 20001100 


INPUT CTL. 0010110 
REQUEST 


MTC1—0110010 
MTC2-01 10000 
MTC3—0110100 
MTC4—0110110 
MTCS—0111000 


READ PUNCH PRI. HOP. | SEC. HOP. 
CHECK CHECK EMPTY EMPTY CTL. 0001000 
OVERRUN sees 
100 = 203T/2200 110 = 406/2200 STATUS CTL. 0011100 
OFF RINGING 


SEEK * CTL. NO. 


DATA COMMUNICATIONS CTL. ID. BITS 17-23 


SUOLdIYISIA LINS3Y O/T 


4d XTQN3ddV 


